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REVISER’S PREFACE 


Taylor's Cotton Weaving ” has for many years 
enjoyed a reputation among Students who have 
attended Day and Evening Classes in Textile Weaving 
and Designing. 

It has, however, been found wanting in some 
important features, and others have needed expansion 
so as to bring the work up to modern requirements. 

A further Edition having been called for, has 
afforded the opportunity of having these deficiencies 
remedied by the addition of matters which will put 
the book in line with the latest improvements in this 
section of the Mechanical Arts. Chapter I., on pre- 
paratory processes, has been entirely rewritten and 
enlarged. My obligations are many to Mr. H. Nisbet, 
Weaving and Designing Master here, who has kindly 
carried out this work. Some chapters have had new 
and important features added, and many drawings are 
included for the first time, either as new illustrations, 

n 

or in place of others which had become obsolete. 



vi Reviser's Preface 

For these drawings I am indebted to the same gentle- 
man, who has made this class of work a speciality. 

Other chapters have been expanded, and partly 
rewritten. I should like to say, in conclusion, that 
while the book was passing through the press the 
assistance of Mr. Nisbet has been most helpful. 

FRED. WILKINSON, 
Director. 

Textile and Engineering School, 

Bolton, 

February ^ 
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COTTON WEAVING AND 
DESIGNING 


CHAPTER I 

PREPARATORY PROCESSES 

Yarn intended for manufacture into cloth requires to pass 
through various stages of preparation, the character of which 
depends upon the class of fabrics to be produced. Thus, some 
systems of treatment are better adapted for the preparation of 
yarn for grey cloths {Le, of the native colour of cotton), some 
for mono-coloured, and others for multi-coloured, fabrics. The 
choice of a system is often arbitrary, and can only be made 
from a knowledge of local or special requirements. 

The operations involved in the preparation of warps for 
most fabrics are comprised under not less than five chief 
divisions, namely — 

1. Winding yarn from any of its earlier stages on to warpers" 
bobbins. 

2. Warping. 

3. Sizing. 

4. Beaming, or winding yarn on to a weaver’s beam. 

5. Looming, i.e, either drawing-in or twisting-in. 

Each, of these operations may be performed by a variety 
of machines of distinctly different types that have been specially 
devised to meet specific requirements, and which are, therefore, 

B 
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Cotton Weaving and Designing 

better adapted than others for their special purpose. Before 
introducing the reader to the details of the various types of 
machines in each division, it will be better to briefly enumerate 
the different systems of preparatioir usually adopted in the 
manufacture of the three classes of goods named above. 


PREPARATION OF GREY WARPS. 

Grey warps are prepared by one or other of two systems, 
namely, (i) Beam warping, for slasher or tape sizing; and, 
(2) ball or mill warping, for ball or warp sizing; but by far 
the greater number are prepared by the first-named system. 

I. Bea 77 i Warpmg a 7 id Slas/m- Sizing, 

This system comprises the following operations, namely — 

1. Winding yarn from cops, ring, or throstle bobbins on to 
warpers’ bobbins, by means of a “ spindle ” or “ cop ” winding 
machine. 

2. Beam warping, whereby yarn is transferred, in the form 
of a wide sheet, from warpers’ bobbins on to a large flanged 
beam. 

3. Slasher or tape sizing, whereby yarn is withdrawn from 
several beams, termed “back” or “slashers’” beams, to be 
sized, and subsequently re-wound by the same machine on to 
a weaver’s beam by simultaneous operations. 

4. Looming, by which the threads of a new warp are placed 
in a loom ready for weaving. 

2, Ball Warping and Sizing, 

This system comprises the following operations, namely — 

I. Winding yarn from cops or ring bobbins on to warpers' 
bobbins. 
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2. Bali warpingj in which a number of threads are with- 
drawn from warpers’ bobbins and condensed into the form of 
a rope of untwisted strands. This operation may be accom- 
plished by several ty^s of machines. The one usually 
employed is the old-fashioned warping mill, which coils warp- 
ends on to a large revolving reel or swift, from which they are 
subsequently withdrawn and formed into a large ball. Ball 
warps are also sometimes formed direct from warpers’ bobbins : 
also sometimes from sections formed by a sectional warper; 
and sometimes by means of a linking or chaining machine. 

3. Ball- warp sizing. 

4. Beaming, or winding a warp in an even sheet of threads 
on to a weaver’s beam for the loom. 

5. Twisting-in or else drawing-in warp-ends in the loom. 

If the threads of a new warp are similar in number and 
counts to those of the finished warp, and are to pass through 
the shedding harness and reed also in a similar manner, it is 
more economical to twist the threads of a new warp separately 
to the corresponding threads of the old warp, and then draw 
the twisted portion of the warp bodily forward through the 
healds and reed. If, however, the number of threads and 
counts are greatly dissimilar, or if a different drafting is 
required, then recourse must be had to drawing new warp- 
ends through the harness and reed 

Preparation of Mono-coloured Warps. 

Warps of one colour maybe prepared from either (i) warp- 
dyed and sized yarn, or (2) from hank-dyed and sized yarn. 

I. {a) Warp-dyeing and Sizing. 

The series of operations in this system are identical witji 
those involved in the preparation of grey warps by means of 
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ball warping, but with the additional process of dyeing immedi- 
ately following the operation of warping, and are as follows : — 

1. Winding yarn on to warpers' bobbins. 

2. Mill or other system of ball wafping. 

3. Warp-dyeing and sizing. 

4. Winding yarn on to a weaver’s beam. 

5. Twisting-in or drawing-in. 

I. (b) Warp-dyeing' and Sizing, 

A system by which warps of one colour may be prepared 
by means of sectional warping, from ball-dyed and sized yarn, 
has been recently introduced. It comprises the following 
operations, namely — 

1. Winding yarn from cops or ring bobbins on to warpers’ 
bobbins. 

2. Mill or other system of ball warping. 

3. Warp-dyeing and sizing. 

4. Winding yarn from ball warps on to warpers’ bobbins by 
means of a warp-winding machine. 

5. Sectional warping and beaming. 

6. Drawing-in or twisting-in. 

2. Hank-dyeifig a 7 id Sizmg, 

This system involves the following operations, namely — 

1. Reeling yarn from cops or ring bobbins into single or 
multiple hanks. (A standard hank contains 840 yards.) 

2. Hank-dyeing and sizing. 

3. Winding yarn from hanks on to warpers’ bobbins by 
means of a drum-winding machine. 

4-, Beam warping. 

^ 5. Beaming, or winding yarn from back beams on to a 
weaver’s beam. 
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6. Drawing-in or twisting-in. 

Sectional warping may be substituted in lieu of beam 
warping. 


Preparation of Multi-coloured Warps, 

Striped warps are usually prepared by one or other of two 
systems, namely, (i) Yorkshire dressing, from warp-dyed and 
sized yarn; and (2) sectional warping, from hank-dyed and 
sized yarn. Warp-dyeing yields a more uniform tone of colour 
than hank-dyeing, for which reason some manufacturers prefer 
to adopt the former system, although the latter system is less 
costly. 


I. Yorkshire Dressmg^ 

This system comprises the following operations, namely — 

1, Winding yarn on to warpers^ bobbins. 

2, Mill or other system of ball warping. 

3, Warp-dyeing and sizing. 

4, Yorkshire dressing, by which the required number of 
threads of each colour are split off reserve ball warps. The 
warp-ends thus split off are subsequently passed, in groups of 
two to four, through the dents of a reed in proper order, 
according to the required w^arp pattern, and wound on to a 
weaver’s beam. 

5, Drawing-in or twisting-in. 

2. Sectional Warping, 

This system comprises the following operations, namely — 

1. Reeling yarn into hanks. 

2. llank-dyeing and sizing. 

3. Winding on to warpers’ bobbins by a drum-windiig 
machine. 
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4. Sectional warping, by which a warp is wound in sections 
upon wooden or compressed paper blocks, with warp-ends in 
the same relative position that they are required to occupy 
in cloth. Each section forms a complete unit of the full 
warp, and when the required number of units are prepared, 
they are placed together side by side, and compressed upon a 
mandril ; then the 3^arn is unwound from all sections simul- 
taneously, and wound on to a weaver’s beam, 

5. Twisting-in or drawing-in, 

P-reparation of Weft Yarn. 

If weft yarn is to be woven in a grey state, it is rarely that 
it requires to undergo any operation after it leaves the spinner. 
Grey cops and ring bobbins of weft are usually placed in a 
shuttle and woven direct, but if they are too large fora shuttle, 
their yarn is transferred on to wooden or paper bobbins by 
means of pirn winding. 

Cops intended for use as weft are frequently dyed and 
bleached in that form, and woven without any operation of 
winding. If, however, weft yarn is dyed or bleached in hanks, 
it requires to be subsequently wound on to pirn bobbins or 
paper tubes to fit on a shuttle tongue. Weft is also some- 
times woven in a damp condition, with a view to inserting a 
greater number of picks per inch in cloth than is possible with 
dry weft. 


Winding Machines for Warp Yarn, 

Fig. I is a diagram showing parts of a “ spindle ” or “ cop ” 
winding machine, which is chiefly employed to wind grey yarn 
from cops, G, or ring bobbins on to warpers’ bobbins, E. It 
isralso sometimes incidentally employed to wind coloured yarn 
from hanks, 0 (as represented on the left-hand side of the 
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diagram), when the amount of work required of that kind would 
not justify the purchase of a ” drum ’’ winding machine, which 
latter is better adapted for that purpose, for reasons that will 
be explained later. 



Fig. I. 

As usually made, a “ cop ” winding machine contains a tin 
driving -drum, B, passing centrally down the machine, and 
carrying the driving pulleys at one end of the tin drum shaft A. 
By means of cotton bands, C, the tin drum drives four rows^of 
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spindles, D, arranged in two zigzag rows, one on each side of 
the machine, as shown in part plan (detached). Warpers’ 
bobbins, E, fit loosely upon the spindles, and rest upon metal 
discs, F, secured to the spindle-shanks, by which bobbins are 
frictionally rotated. During winding, yarn passes from cops, G, 
or other source, over a drag-board, H, through a brush, I, and 
clearer guide, J, thence over a glass rod, K, surmounted on 
guide-rails, and on to warpers’ bobbins, E. The drag-board H 
is covered with flannel to impart frictional resistance to yarn, 
and thereby prevent its passing too freely and making soft 
bobbins. The clearer guide (of which a front view is shown, 
detached) is a thin metal plate containing a number of vertical 
slits, L, from near the top of which are two short slits, M, 
branching upwards at an angle of about 45°. The vertical 
slits serve to guide threads to their respective bobbins, and 
also to remove any irregularities, as “ slubbings ” (/,<?. thick, 
soft places consisting of a mass of untwisted fibres). The 
short slits are intended to prevent operatives from raising 
threads out of the guides, and so save themselves the trouble 
and loss of time involved in piecing up broken threads. 

Spindle-shanks, D, are furnished with tightly-fitting grooved 
pulleys, N, termed ‘‘wharves,” around which driving bands 
pass. Wharves on each back row of spindles are usually made 
one-quarter of an inch larger in diameter than those of front 
spindles, to cause them to revolve at a slower velocity. The 
object of this is to enable some compensation to be made for 
the constantly accelerating pace at which yarn is wound, in 
consequence of the gradually increasing girth of bobbins by 
additional layers of yarn. When bobbins become about half 
full on front spindles, a winder removes them to back spindles 
to be filled. 

If bobbins were allowed to fill on front spindles, the 
velocity at which yarn would travel towards the completion 
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of winding would impart an abnormal degree of tension to it, 
and thereby make it more liable to break. It is in con- 
sequence of the excessive degree of friction to which yarn is 
subjected in a cop- winding machine that renders it unsuitable 
for winding yarn that has been previously dyed and sized. 

One of the most important parts of a cop-winding machine 
is the traverse motion to guide yarn between the flanges of a 
bobbin during winding. These are constructed in great 



variety, but all belong to one of two distinct types, namely, 
those governed by cams, and those governed by what is termed 
a ‘‘ mangle-wheel.” They are also constructed to guide yarn 
at either a uniform or variable pace between the bobbin flanges. 
If the traverse of yarn is uniform, bobbins will be wound with 
a uniforn5 diameter ; but if a barrel-shaped bobbin is required, 
the movement of guide-rails must be differential — quicker 
towards the extremities, and slower towards the centre of their 
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traverse, with the object of placing a greater quantity of yarn 
upon them. Traverse motions are usually designed on the 
compensating principle, so that guide-rails on either side move 
in opposite directions at the same time, and a falling rail helps 
a rising one to ascend, thereby requiring less motive power to 
drive a machine. 

One of several modifications of a heart-cam traverse motion 
is shown in Fig. 2. In this motion two heart-cams, P, are set 
in opposite direction upon a shaft, Q, which is driven by a 
pinion, R, on the tin drum shaft, A, and a train of wheels, 
S, T, U, V. The cams operate treadles, W, whereby they fall 
and rise alternately. The free end of each treadle farthest 



from its fulcrum is connected by means of straps or chains, 
X, to pulleys ; Y, secured to shafts ; Z, extending one on each 
side of the machine, and carrying several pinion wheels, i, at 
intervals. The latter engage with teeth in vertical racks, 2, 
which serve as supports to guide-rails, 3. Thus, as treadles 
are depressed, guide-rails are raised in a positive manner ; but 
their return is effected by gravitation. The character of move- 
ment imparted to guide-rails depends upon the conformation 
of the cams, which may be constructed to give either a uniform 
or differential traverse to guide-rails, as desired. 

Another modification of a heart-cam motion is illustrated 
4 n Fig. 3. In this motion a single cam, H, serves to operate 



Preparatory Processes 1 1 

both guide-rails, B, by acting upon two treadle bowls, one of 
which, K, is placed above, and the other, L, below the cam. 
Treadle bowl K is carried at one end of a lever fulcrumed at 
O, whilst the other enS, M, is connected to a lever, Q. 
Through the medium of chains and chain pulleys, lever Q 
operates the guide-rail on the left, whilst the lower treadle, T, 
operates that on the right. 

A traverse motion constructed on the mangle-wheel prin- 
ciple, to wind barrel-shaped bobbins, is represented in Fig. 4, 



A pinion, B, on the tin drum shaft. A, drives wheel, C, which 
carries a small pinion, D. Wheel C and pinion D are carried 
by a bracket that permits of a slight concentric movement of 
those wheels to enable the pinion to engage alternately on the 
outside and then on the inside of the mangle-wheel E, with 
which it gears. On the same stud as the mangle- wheel is a 
pinion, F, which engages with the teeth of a horizontal rack, G, 
which is formed with a curved rack at each end. The curved 
racks gear with eccentric wheels, H, fastened to shafts, I, which 
carry chain pulleys, J, to wind up or let off the chains connected 
to the supports of guide-rails. When pinion D revolves 
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on the outside of the mangle-wheel, the latter revolves until 
the gap K arrives at the pinion, which immediately runs inside 
the mangle-wheel and reverses its direction, until the gap L 
arrives at the pinion, which then runs'^on the outside and again 
reverses the direction of the mangle-wheel. Thus, rack G is 
slowly moved from one side to the other, and by acting upon 
the eccentric wheels H at different distances from their axes, 
their rotation is quicker or slower, according as the racks are in 
gear with them at a point nearer to, or farther from, the centre 
of their shafts respectively. On the same shafts as the eccentric 



wheels are a number of chain pulleys on which are fastened 
chains, M, connected to the supports, 2, of guide-rails, whereby 
the latter are raised and lowered in a manner determined by 
the eccentric wheels. 

Another modification of a mangle-wheel motion is shown in 
Fig. 5. In this motion a wheel, E, on the drum shaft, drives 
the larger wheel F. The small pinion C turns the mangle- 
wheel H. 

In order to obtain the miequal motion of the rack R, to give 
the barrel shape to the bobbin, a wheel. A, is fixeli on the 
«aangle-wheel shaft a short distance from the centre of the 
wheel. Another wheel, B, is fixed in a similar manner on 
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another shaft, which also carries a wheel which gears into the 
under side of the rack. The smaller side of the wheel A gears 
into the larger side of the wheel B, as shown in the diagram, 
and as the mangle-wheef shaft revolves, the larger part of A 
will gradually come in contact with the smaller part of B, and 
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Fig. 6. 



/ this, of course, will cause the rack 

' to move quicker. When the smaller 

side of A is in contact with the 
larger side of B, the guide-plate 
will be guiding the yarn on to the 
middle of the bobbin; and when 
the larger side of A is in contact 
with the smaller side of B, the guide- 
plate will be putting the yarn on to either the top or bottom 
of the bobbin. 


The small side of the wheel A must be set in gear with the 
larger side of the wheel B, and the traverse halfway of the 
bobbin. The pinion C will at the same time be in contact 
with the 'middle pin in the mangle-wheel, and the middle of 
the rack R driving the wheel M. 

Fig. 6 is a part elevation, and Fig. 7 a plan, showing the 
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essential parts of a drum-winding machine to wind yarn from 
hanks, W, that have been previously dyed and sized, on to 
warpers’ bobbins, C. In this type of machine, warpers’ bobbins 
are held horizontally against the ]feripheries of a series of 
revolving drums, B, fixed at regular intervals upon a shaft, A, 
running centrally from end to end of the machine. Bobbins are 
held in position by spindles, D, contained in frames, E, which 



Fig. 7. 

are fulcrumed at F to brackets, G, to permit of bobbins rising 
as they increase in size. Since bobbins are driven by surface 
contact with drums, the rate of winding is approximately 
uniform throughout. Projecting from each bobbin frame is a 
latch, H, to permit of a hook, I, holding a bobbin out of 
contact with its drum, whilst an operative replaces a full 
bobbin with an empty one, or pieces a broken thread. 
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Yarn is guided between the flanges of bobbins at a uniform 
pace by means of guides, J, carried upon guide-rails, K, 
supported in brackets, L, and operated by a heart-cam, M. 
On the end of the drivirlg shaft, A, is a worm, N, which gears 
with a worm wheel, O, with which is compounded a pinion, P, 
to drive wheel, Q, to which the cam M is secured. As the 
cam revolves, it acts alternately upon two runners, R and S, 
carried upon studs secured to the sliding base, T, of brackets, 



L, whereby the latter receive a reciprocal motion, as indicated 
by arrows, U and V. 


Winding Machines for Weft, 

When weft yarn is in an unsuitable form to be placed within 
a shuttle, it is usually wound upon paper tubes, or wooden bob- 
bins, by means of one of the many systems of “ pirn ” winding. 
The chief parts of the prevailing type of machine used for that 
purpose are represented in Figs. 8, 9, and 10, which are end 
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and front elevations and plan respectively. Passing centrally 
down the machine is a tin drum, B, on driving shaft, A, for the 
purpose of driving a number of wharves, C, arranged at regular 
intervals on each side of the macteine. Fixed immediately 
above each wharve is a metal pirn cup, D, having a conical 
interior, for the reception of a pirn bobbin, K When in 
position, a long spindle, F, having a heavy head-piece, G, passes 
through a bobbin tube and enters a rectangular hole in the 
wharve immediately below. The lower portion of a spindle 
which enters the wharve is also rectangular in cross-section, 



Fig. 10. 


and therefore revolves with its wharve. At the same time, 
bobbins are driven by causing a projection, H, below spindle 
heads to enter a slot in each bobbin head. 

Each thread passes from its source, over several stationary 
bars, to impart the required degree of tension to it, thence over 
guide-rail, I, by which it is guided up and down (as indicated 
by arrows, J) between the extremities of a pirn cup, as it 
passes through an opening, K, in the latter, and on to its 
bobbin. In consequence of yarn being built upon a bobbin 
within a conical chamber, a bobbin, with its spiftdle, rises 
g.utoniatically as it fills with yarn, and when filled it raises its 
spindle clear of its wharve, and thus stops automatically. 
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Guide-railSj I, are usually operated by means of a grooved 
cam, L, fixed on a side shaft, M, which carries a worm wheel, 



Fig. II. 


N, driven from a worm, O, on the end of a driving shaft, A. 
The cam acts upon a runner, P, fixed on a sliding rail, Q, in 

c 
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which are formed vertical slots, R, one on each side of the 
machine. Each vertical slot acts upon a runner, S, secured to 
lever T, having shaft U for a fulcrum. At regular intervals on 
shaft U brackets are fixed to suppgrt guide-rail I, which rises 
and falls at a uniform pace in both directions. 

In consequence of yarn rubbing against the stationary " 
surface of a pirn cup, it is liable to become burnished, and 
sometimes injured. Many attempts have been made to 
overcome that objection by driving bobbins by surface contact 
with revolving discs, and also by supporting them against 
conical rollers. Fig. ii shows one of several methods of 
driving bobbins by means of bevelled discs, B, fixed at regular 
intervals upon driving shafts, A, placed one on each side of 
the machine. In this machine, as in an ordinary pirn cup 
machine, a bobbin, C, rises automatically until filled, when its 
spindle, D, withdraws from a hole in the bolster, E, and slides 
down a short incline, thereby stopping a bobbin by carrying it 
from the disc. 


WARPING. 

The three methods of warping in use are mill warping, 
beam warping, and sectional warping. The oldest form is mill 
warping, but this has been largely superseded in almost all 
cases, except for coloured goods, by the beam warping 
machine. 

In beam warping bobbins are placed in a creel. This 
is a frame constructed to hold from 400 to 500 bobbins, and 
is the shape of the letter V, as this is the most convenient 
^and easiest for unwinding. The 400 to 500 threads, A, are 
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taken through an expanding reed, B (Figs. 12, 13, and 14). 
The ends are then passed over a tin measuring roller, D, and 
under tension-rollers, 15 and 18, which keep the yarn taut, and 
also pull it back when it •is required to turn backward to find 
a broken thread, or otherwise. Each thread is then passed 
separately underneath a small bent wire drop-pin, 22. Each 



Fig. 12. 


thread bears the weight of one of these wires, and should the 
thread break when the machine is in motion, the wire falls 
between two rollers, 3 and 4, which latter is mounted so that a 
wire causes it to move forward and, by releasing a “trigger” 
motion at Q, as it is called, the machine is automatically 
stopped* This is the principle of Singleton's stop-motion, 
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which is the one most commonly used. In front of the stop- 



motion wires the yarn is passed through an expanding comb. 



23, which regulates the width of 
the slashers’ or “back ’’beanij 
26. This beam is driven by 
friction; the beam rests on a 
drum, V, and as the drum re- 
volves, the beam is driven in 
such a manner that yarn is 
wound at a uniform pace 
throughout, although the beam 
is gradually increasing in dia- 
meter. One of these machines 
will supply about 80 to 90 
looms weaving medium counts 
of yarn. The creel is usually 
made to hold 504 bobbins, but 
any lesser number df ends may 
be put on a beam. 


After leaving the warping machine the beams are taken to 
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the slashing fraraCj where a sufficient number of beams are put 
together to form the warp for the loom. 

Mill warping. — This system of warping is still in use for 
warps used in the Bradfotd mixed goods trade, and for many 
classes of coloured cotton goods in Lancashire, although 
slashed warps are fast superseding the system for the former 
trade, and sectional warping is replacing the system for the 
coloured trade. Mill warping is also in general use in silk 
manufacture. Those spinners who supply warps to Yorkshire 



worsted manufacturers have usually supplied them in the ball, 
unsized. The warps are mill ” warped, and the manufacturer 
has them sized to his own orders by cotton warp sizers, who 
usually combine this business with dyeing and finishing in 
the Bradford district. Slashed warps are now being used 
in the Bfadford trade to a considerable extent, the warps 
being in most cases slashed in Lancashire and sent on beams. 

A warping mill consists of a large reel, Z (Figs. 15 and 16) 
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of from six to twenty yards circumference, which is made 
to revolve. This reel is fixed upright in suitable framework, 
and the warper’s bobbins, W, are placed in a creel, V, by 
the side of the reel. The ends slw taken from the bobbins, 
and drawn separately through the eyes of a row of needles, T, 
which constitute what is termed a heck.” This heck is so 
constructed that one-half of the eyes can be raised above 
the other half, to form a lease. The heck slides up and 
down the framework Y of the mill, and thus forms a tra- 
verse and distributes the warp as the reel revolves. At the 



Fig. i6. 


commencement of a warp, the bunch of ends is taken from 
the “heck” and fastened to a peg, 6, at the bottom of the reel 
As the reel revolves the heck slowly rises, and so causes the 
warp to be wound on the reel spirally, without overlapping. 
The heck is moved up and down a sufiScient number of times 
to give the required number of ends in the warp, when the 
warp is cut off and unwound, and made up either in the form 
of a ball or a chain. The length of a warp is detdlinined by 
the number of revolutions made by the mill from the com- 
mencement, until it is reversed at the other extremity. 
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SECTIONAL WARPING. 

Sectional warping is a system chiefly employed in the pro- 
duction of coloured striped warps, from yarn previously dyed 
and sized in the hank, and subsequently wound upon warpers’ 
bobbins by a drum-winding machine. It is also sometimes 
employed in the production of grey warps for ball sizing. As 
its name implies, the operation consists of preparing a warp in 
sections, termed “ cheeses,” each of which is a complete unit, 
and virtually a transverse section, of the full warp. When the 
required number of sections for a warp have been made, they 
are compressed between flanges side by side upon a mandril 
of a running-ofif machine, and their yarn run from them simul- 
taneously on to a weaver’s beam. Sometimes a sectional 
warper works in conjunction with an automatic stop-motion 
similar to that of a beam warping machine, in w'hich case 
bobbins are contained in a V“Shaped creel. They also some- 
times work without a stop-motion. In that case bobbins are 
contained in a curved creel similar to that employed in con- 
junction with a warping mill, whereby the threads are better 
under the observation of the operative warper, and broken 
threads may be more readily detected. One of the most 
important considerations in sectional warping is the production 
of sections of uniform diameter and length of yarn ; otherwise, 
warp-ends would be of varying degrees of tension ; also, waste 
of material would result from irregular lengths of yarn on the 
sections. 

The principal parts of a well-known type of sectional warp- 
ing machine are shown in Figs. 17, 18, and 19. Warp-ends, 
A, are withdrawn from a curved creel, and passed separately 
through needle eyes of a leasing heck, B, thence through ; 



24 


Cotton Weavhtg and Designing 

D, over a tin measuring roller, F, and on to a section 
block, 0, which is compressed between two flanges, N, O, upon 
a shaft, Q, by which it is turned. Flange N is removable to 
permit of a full section being replaced by an empty one. 
Another flange, 24, is keyed upon the section shaft, Q, and 
driven by means of friction bowls, 20, 20', placed one on each 



Fig. 17. 


side, and turned by driving shafts 16, 16', each of which con- 
tains a wide loose pulley, 17, 17', a narrow fast pulley, 18, i8', 
and a toothed wheel, 15, 15', which are in gear. Thus, if 
driving strap 19 is placed in a central position (as indicated) 
it runs on both loose pulleys, without eifect ; but if placed upon 
the fast pulley 18, it will turn the section wind 

yarn on the front, as shown, and if placed on fast pulley 18', 
Ct will turn a section backward^ and wind yarn at the back. 
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This arrangement enables sections to be made with one-half 
of a full repeat of a warp pattern, either alone or in addition 
to several repeats (provided the pattern is a symmetrical one), 
so that when all sections a^e placed in their proper position for 
running their yarn on to a weaver^s beam, two halves of a 
pattern will join together without a break. A uniform rate of 
winding yarn is maintained by causing friction driving bowls, 
20, 20', to automatically recede from the section shaft at a pace 



exactly corresponding to that at which a section increases in 
diameter, thereby gradually retarding the velocity of the 
section shaft. 

A presser roller, 12, carried at the end of a lever, 9, ii, ful- 
crumed on shaft 10, bears against yarn during winding, to wind 
it more compactly, and also to ensure uniformity of diameter 
of section* composing the same warp. During the winding 
of the first or “ trial section, the presser, which is suitably 
weighted, is free to recede at such pace as corresponds witif 
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the increasing diameter of that section; but for subsequent 
sections, the presser is under mechanical control, and may on y 
recede at a prescribed pace, which should, however, exactly 
coincide with its recession during ^he formation of the first 
section. The movement of the presser is governed by means 
of a toothed quadrant or sector, i, communicating with presser 



Fig. 19. 


lever, 9, by a connecting rod, 6. The position of rod 6, in 
relation to the fulcrum 2 of the sector and the fulcrum 10 of 
the presser lever, determines the velocity at which the presser 
recedes. A oam, P, on the end of section shaft Q, imparts 
an intermittent rotary motion to a short vertical shaft, Y, by 
Tmeans of lever S, U, and pawl W. Surmounting shaft Y is a 
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worm, Z, gearing with the teeth of sector i which slowly rises 
as a section revolves, thereby causing the presser to recede, at 
a prescribed pace. The number of revolutions of the section 



Fig. 20. 


shaft is indicated upon a dial ; also, the length of yarn wound 
is indicated upon a dial, by fingers operated by a train of wheels 
driven from worm G, on the end of tin measuring roller shaft 



F. The two indicators, therefore, serve as a check upon each 
other. 

Section blocks are made in different widths from 3- inches 
upwards. # Some are constructed so as to permit of expansion 
and contraction, as shown in Fig. 20. Pressers are also con- 
structed on a similar principle, as shown in Fig. 2 1 . 
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SIZING. 

The chief systems of sizing arp slashing, dressing, ball- 
sizing, and hank-sizing. 

The object of sizing is to strengthen the yarn by saturating 
it with a starchy substance, which lays the fibres, thus making 
it weave with less breakages. Other objects are to impart 
“ feel” to the cloth, and to give it additional weight. For light 
sizing, in which the object is simply to strengthen the yarn, and 
not to increase its weight, only lo to 15 psr cent, is added to 
the weight. When 30 or 40 per cent, is added it is termed 
medium sizing, and for heavy sizing often 100 per cent, or 
more is added to the weight. The materials used for light 
sizing are : wheat flour, sago, farina or potato starch, rice 
flour or starch, maize. 

Potato starch, or farina, is obtained from the tubers by 
reducing them to a pulp and mixing well with water. The 
water carries away the starch, and when allowed to stand the 
starch falls to the bottom of the vessel and the water can be 
drawn away. Farina is much used in all kinds of sizing, on 
account of its cheapness and the thickness of the paste it 
produces when boiled with water. 

Sago is much used in light sizing, for which it is specially 
adapted. It is obtained from the pith of the sago palm, and 
made into flour by treating with water and drying on hot 
plates. 

Maize is a starch obtained from the Indian com, and is 
sometimes used for lightly sizing the finer counts of cotton 
yarns. 

For light sizing it is not necessary to use anything but 
wheat flour, farina, or sago, and a small quantity of softening 
Tnaterial, usually tallow or wax. Wheat flour is fermented 





30 


Cotton Weaving and Designing 


before using by mixing it well with water (about equal weights 
of each) and leaving it for several weeks, occasionally stirring 
to keep the particles in suspension. When flour is fermented 
new bodies are formed, which have a powerful influence in 
preventing mildew. The fermenting cistern, i (Fig. 22), is 
usually a large vessel 8 feet by 4 feet by 4 feet, in which are 
two revolving “ dashers,” C, to stir the flour and water when 
fermenting. Another similar cistern, 2, is used for storing 
called a ‘‘ storage and diluting ” cistern, into which the mixture 
is pumped after a few days, and left to further ferment. A 
force-pump, N, is used for pumping from this to the mixing 
cistern, 3, where the softening and weighting materials are 
added, after being boiled together in pan 4. 

Softening materials are used to render the yarn more 
pliable. The articles mostly used for this purpose are tallow, 
wax, and soap, cocoanut and palm oil. 

The following mixtures are suitable for light sizing. They 
can be made to give a greater or less percentage, according to 
the specific gravity of the mixture. For testing the specific 
gravity or density of the liquid, the Twaddell’s hydrometer is 
used. This instrument registers in degrees the density of the 
mixture, or the amount of matter in solution. 

For light sizing — 

Wheat flour 280 lbs. 

Tallow 16 ,, 

Another mixture is — 

Sago 100 lbs. 

Farina loo ,, 

Tallow 10 ,, 

Soap 4 „ 

For sizing with sago, cocoanut oil is often used ^ a soften- 
ing material. A mixture of these two gives as good a size as 
Anything for pure sizing. 
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Another mixture used for fine counts is — 

Farina ....... loo lbs. 

Wax 5 » 

Tallow 4 jj 

I gall, water to i lb. farina. 

Almost every manufacturer uses different proportions of 
ingredients. Many use wheat flour, farina, and sago mixed in 
various proportions, whilst a flour and farina mixture in the 
proportions of 2 : i is considered by some to give the best 
results. Farina and sago are also often mixed for light sizing 
in the proportion of two parts farina to one part sago. Wheat 
flour carries through better than farina or sago, and is therefore 
more generally used for the heavier kinds of sizing. 

Any of these mixtures may be altered as regards strength, 
or otherwise, by increasing or diminishing their density. If a 
mixture twaddles 10 degrees at a given temperature, it may be 
strengthened for heavier cloths or higher picks by increasing 
the proportion of solid matter in the mixture until it twaddles 
15 degrees at the same temperature. 

For adding weight to the cloth china clay is the chief 
ingredient used. This material is found in deposits in Devon- 
shire and Cornwall, and is used in large quantities for the 
purpose of weighting and filling cloth, more especially those 
manufactured for export to the Eastern markets. 

For what is termed “medium’’ sizing, viz. adding about 
30 to 50 per cent, to the weight of the cloth, the following 
materials are used in various proportions, the proportion given 
being an example — 

Flour 100 lbs. 

Clay 30 to 40 lbs. 

Tallow 15 lbs. 

Chloride of magnesium . . . . i gallon. 

Chloride of zinc i »j 
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It will be noticed here that chloride of magnesium and 
chloride of zinc are introduced along with the china clay. 
Chloride of magnesium is a very powerful softener as well as 
a weighting material, and one of its uses is to prevent the 
gritty feel which the addition of clay alone would give to the 
cloth. It has a great affinity for water, and has thus the power 
of attracting moisture to the cloth in which it is used. It is 
this which really constitutes its softening effect. 

Chloride of zinc is used to prevent mildew, which is a 
species of vegetable growth which often' occurs in sized cloth 
which has been left damp, or which attracts moisture. 

As chloride of magnesium attracts moisture, it is necessary 
to use an antiseptic which will counteract the tendency of the 
cloth to mildew. Chloride of zinc possesses valuable properties 
as an antiseptic, and therefore it is often used where chloride 
of magnesium is used in the size as a softening and weighting 
material. 

If china clay is used for medium sizing without using 
chloride of magnesium, it is necessary to greatly increase the 
proportion of tallow or other softeners in the mixture. Thus, 
for every loo lbs. of flour, 40 lbs. clay, and perhaps 25 lbs. 
tallow would be used. 

Chloride of calcium has a similar effect to chloride of 
magnesium, but is scarcely as powerful. It is used by many 
in light-sizing mixtures to prevent the yarn becoming too 
brittle. 

For heavy sizing the proportions of clay and mineral 
ingredients are increased. In some classes of low shirtings, 
over 100 per cent, is added to the weight of the yarn. The 
adhesive material mostly used is wheat flour, as it carries the 
added materials better than farina or sago; but farina is 
sometimes used for sizing up to 100 per cent. Sometimes 
«two parts clay to one of flour is used for very heavy sizing. 
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For 100 per cent, sizing about the following proportions 
may be used : — 


Flour 100 lbs. 

Clay . . . ^ . . . . 130 „ 

Tallow 14 

Chloride of magnesium .... 5 gallons 

Chloride of zinc 2 „ 


Colouring matters are used in size to give the yarn any 
desired tinge. Blue is the most common, as it neutralizes the 
yellowness of the cloth given in heavy sizing. Only a very 
small quantity is required. Sometimes yellow is used to give 
a brownish appearance to American yarn, making it appear 
more like Egyptian. Numerous other materials are used for 
various purposes in sizing. “ Gloy has been found useful for 
strengthening warps for very heavily picked cloths. 

Fig. 23 will show.the principle of the slashing machine in 
its most usual form. The warpers’ beams are placed in the 
creel i, at the back of the machine. In the diagram there are 
six beams, i^to 6, so that if each one contains 500 ends there 
would be 3000 ends in the warp. The warp passes over roller 
A, and into the size-box. The small roller B in the size-box 
is of copper, and is called the immersion roller. The warp is 
passed under this, and its depth in the size mixture is regu- 
lated by it. The warp then passes between two pairs of rollers, 
C, D, and E, F (of which D and F are covered with flannel), 
to squeeze the surplus size from the yarn. The size is kept 
boiling in the size-box by the injection of steam. When the 
warp comes from the rollers E, F, it passes over a large drying 
cylinder, M, and, after passing almost completely round it, over 
a smaller cylinder, N, and then round the fan P and over guide- 
roller Q. The warp then passes through the dividing rods E. 
(which divide the warp into the same portions that come from 
each warpers’ beam), thence over guide-roller S and tin 
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measuring roller T, between drawing rollers U, V, and finally 
on to a weaver’s beam, Z, This end of the machine is called 
the “headstock,” and comprises the measuring mechanism, 
dividing rods, and winding-on arrangement. 

The position of the immersion roller in the size has some 
effect upon the amount of size retained on the warp, as by 
sinking the roller lower in the box the yarn will remain longer 
in the size, and will therefore absorb more. This roller is also 
mounted so that it can be lifted out of the size altogether when 
the machine is stopped. The larger cylinder is usually 6 feet 
to 7 feet diameter, and the smaller one about 4 feet diameter, 
and both are heated with steam. 

Some machines have a revolving brush between the size- 
box and the cylinder. This brush is usually driven from the 
fan shaft, and its object is to lay the projecting fibres, and so 
strengthen the yarn. Brushes are only used in some fine- 
weaving districts, and not always there. The brush gives the 
threads a round, smooth feel, and prevents them sticking 
together. Under the brush which brushes the yarn a smaller 
brush is placed, running at a slower speed than the one above 
it ; the lower brush is placed a short distance into the upper 
one, and serves the purpose of cleaning it as it revolves. 

The marking mechanism in the slashing frame usually 
consists of a tin roller wheel, B (Fig. 34), driving the wheel 
D, called the ‘‘ stud wheel ” ; a screw or worm, E, on this stud 
drives the bell wheel F. The marking hammer L is situated 
immediately above a vessel containing colouring matter, and is 
lifted by a cam, P, driven from the tin roller, and dropped 
suddenly on the warp, marking it to the required lengths. 

The length between each mark is regulated by the wheels 
used. The "tin roller wheel being the driver, if this is divided 
into the product of the stud wheel and bell wheel, it will give 
the number of revolutions of the tin roller for each mark, and 
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If the stud wheel contains 90 teeth, the bell wheel 45 teeth, 
the tin roller wheel 60, and the'* roller is 14*4 inches circum- 
ference, the length of the mark will be 

90 X 45 ^ ^4*4 = 972 inches 
60 

There are other marking motions in use for marking short 
lengths for dhooties and scarves of various kinds, some being 
constructed so as to mark scarves of two different lengths in 



succession — say one scarf is marked 2 yards long, and the 
next one 4, the two being repeated. 

A slow motion ” arrangement is used for keeping the 
machine moving very slowly whilst the weaver’s beam is 
changed. If the machine is stopped completely, the warp 
becomes marked where it rests on the drying cylinders. Fig. 
25 shows the principle of this arrangement. There are three 
pulleys, A, B, C, on the driving shaft D. Between the fast 
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and loose pulleys A, C, the slow motion pulley B is placed. 
When the belt is moved from the fast pulley to the slow motion, 
the wheel F is set in motion and drives another wheel, G, and 
this, through the bevel wheels H, M, causes the catch 0 
to drive the ratchet wheel P on the driven cone shaft T. As 
the motion of the driving catch O is slower than the cone T 
when driven by the fast pulley, the catch O will begin to 
work when the strap is moved from the fast pulley to the slow 
motion pulley, and the speed of the machine is reduced to the 
point where the catch O overtakes the driven cone T. 

Hot-air drying has been employed in place of cylinder 
drying, but is not much. used. In this system of drying the 
warp passes from the size-box to hot-air chambers. The air is 
heated with steam pipes and driven through the chambers by 
fans. Combinations of cylinder and hot-air drying have also 
been used, but with little success. 

In a slasher sizing machine, yarn is withdrawn from back 
beams and finally wound upon a weaver’s beam at a uniform 
pace, notwithstanding the gradually increasing diameter of the 
latter as it fills with yarn. It follows, therefore, that the velocity 
of a beam must gradually diminish from the commencement of 
winding. In order to meet such requirement a beam is driven 
negatively by means of a frictional driving motion, one of 
which is shown in sectional elevation in Fig. 26. This motion 
consists of a tooth wheel. A, whose sides are extended beyond 
its proper teeth to form inner flanges, which latter are turned 
at right angles to form an outer rim. Two outer flanges, B, 
interlock with the rims of wheel A, as shown at C, so that 
wheel A and flanges B always revolve at the same velocity. 
Enclosed within each chamber between the inner flanges of A 
and outer flanges B is a sheet steel disc, D, encased within 
two flannel washers, E, and secured to a hub which rotates 
on a hollow beam shaft, O, in which is cut a channel or 
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key-bed, R. The hubs of steel discs D being furnished with a 
key that enters the channel R, are free to slide upon shaft 0 , 
which they rotate at the same velocity. The hub of wheel A 
revolves freely upon the hubs of discs D ; also, the hubs of 
flanges B revolve freely upon shaft O; therefore, by com- 
pressing the flanges and discs together, any degree of friction, 
within certain limits, may be induced. Pressure is applied to 
the flanges by means of a vertical lever, F, fulcrumed at G, 
and elbow lever J fulcrumed at K. A stud, I, in lever J 
bears against lever F with a force that may be regulated by 
means of an adjustable weight, L, N. On the inner end of 
shaft 0, which receives one of the beam gudgeons, is a disc, 
P, furnished with a stud or peg, Q, to which is attached a rope 
or strap that encircles and grips one end of the weaver’s beam, 
which is thereby turned. As a beam becomes filled and its 
velocity diminishes, the slippage between discs D and the. 
driving flanges increases, because the velocity of the driving 
flanges remains undiminished. 


Autofuatic Supply of Size to a Sizing Machine, 

There are numerous devices for the purpose of ensuring a 
continuous and automatic supply of size to the size-box of a 
slasher sizing machine. One of these is represented in Figs. 
27 and 28. From the last mixing beck 3 (Fig. 22) size is 
pumped into a storage beck, 5, whence it is withdrawn and 
forced by a ram, N, along feed pipe Q, which is coiled within 
a steam-heated chamber, U. From the steam chamber it 
returns along pipe T, through regulating valve Z, and into 
the size-box, in a boiling state. Within a separate chamber of 
the size-box is a floating copper roller, X, connected at one 
end by means of rod Y to a tap which regulates the flow of 
'"size through valve Z, on the principle of a ball tap. 
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Scotch dressing is another system of applying size to 
the yarn. This is a much slower method than slashing, and 
is chiefly suitable for very fine yarns. In this machine the 
weaver’s beam is placed above an ex;jDanding reed, R (Fig. 29), 



Fig. 29. 


and to prevent the ends being crowded the warper’s beams are 
divided, one-half the ends being placed at each end of the 
machine. The warp is passed through a pair of rollers, A E, 
the top one being very heavy. The lower roller of the pair is 
immersed some distance in the size, and takes the size up to 
the yarn. After emerging from the rollers or “ squeezers,” the 

yarn passes through a re- 
volving brush, B, and oyer 
a fan in a hot-air chamber, 
F, then through another 
brush, C, round a guide- 
roller through the expand- 
ing reed to the weaver’s 
beam. The opposite half of the machine is a duplicate of this. 
By this process the yarn is greatly strengthened. The brushing 
lays down all the projecting fibres, and makes the thread 
round, preventing any caking of the size on the threads. The 
production, of a machine of this kind, is much less than that of 
^ slashing frame, as only about five beams a day can be dressed, 
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whilst about fifteen beams could be slashed in the same time. 
Instead of the circular brush B, sometimes flat brushes are 
used. These are made to work on both sides, as shown at Fig. 
30. The dotted lines sh«w the movement of the brushes. 



FiG. 31. 


The warp is brushed in the opposite direction to that in which 
it is moving. 


Ball-warp Sizmg. 

Fig. 31 is a sectional elevation of a sizing machine for 
ball-warps. One or more warps, A, are placed upon cones® 
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and their yarn guided over rollers, B, C, into a large size-box, 
4, containing a series of rollers, between which yarn passes 
until it emerges at guide-roller G, when all excess of size is 
removed by rollers H, I. From thS squeezing rollers, yarn is 
conducted to a drying machine (Fig. 32), consisting of a series 



Fig. 32. 


of steam-heated cylinders arranged in two vertical zigzag rows, 
O, N, the outer rows of which are driven from vertical shafts 
containing a series of bevel wheels, Z, gearing with bevel 
wheels Y at one end of the cylinder shafts. By this means 
farn is subjected to little tension, and its elasticity is better 
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preserved. After drying, the warps are deposited in box 
crates, R,, to be subsequently re-balled, ready for beaming or 
winding on to a weaver’s beam. 

Beaming, 

Beaming machines exist in great variety, but they may be 
classed under the heads of (i) press beaming, and (2) tension 
beaming machines. An example of the first-named type, as 
made by Butterworth and Dickinson, Ltd., is illustrated in Fig. 
33. If beaming is accomplished from back beams prepared 
by a beam warping machine, a creel or stand capable of hold- 
ing several beams is situated in the rear of the headstock of 
the beaming machine ; but if beaming is from ball-warps, yarn 
from the latter is passed in a circuitous manner under and over 
tension and guide rollers A, B, for the purpose of tautening 
and separating warp-ends, which are finally passed through the 
dents of an expending comb, C, and on to a weaver’s beam. 
By causing weighted levers, D, to bear upon the beam-ends 
during winding, a hard and compact beam is made. 

A tension beaming machine of the type known as a York- 
shire dressing machine, as made by Hattersley & Sons, is shown 
in Fig. 34. Yarn from a warp, A, or from several sections of 
warps, is conducted under and over the bars of a tension 
ladder, B, thence around dividing bars, C, between tension 
rollers, D, and finally through a wraith or coarse reed on to 
a weaver’s beam, E; but if Yorkshire dressing proper is 
adopted, warp-ends are passed through the dents of a reed 
in groups of two to four, and disposed according to pattern (if 
any) before passing on to a weaver’s beam ready for weaving 
in the loom. By means of stepped speed pulleys, F, G, the 
velocity of ^ beam may be retarded at intervals, to compensate 
for the gradually increasing diameter of a beam, and thereby 
maintain a uniform rate of winding. 



CHAPTER II 


HAND AND POWER LOOMS 

The three principal movements in weaving are shedding, pick- 
ing, and beating up the weft. By shedding is meant opening 



the warp threads to allow the shuttle containing the weft to 
^pass over certain ends and under others. In the common 
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hand loom the shed is made by the weaver operating treadles 
with his feet. Fig. 35 shows the method of connecting the 
shafts or staves with the treadles for weaving a plain cloth. 
There are two treadles, A and B, placed underneath the loom, 
and centred at C. The stave E is connected to the treadle A 
through the lever G. The stave F is connected to the same 
treadle through the “ tumbler ” T and the lever M. When the 
treadle A is pressed down it will take the stave E down, and 
the stave F up. For the second pick, the stave F is connected 
to the treadle B through the lever H, and the stave E is con- 
nected to the same treadle through the “ tumbler ” R and the 
lever N. Therefore, when the treadle B is pressed down, it 
will take the stave F down and stave E up. By alternately 
pressing first one treadle and then the other, we get each 
stave up for one pick and down for the next, alternately, as 
required for weaving plain cloth. The levers M and N are 
usually called “long lams,” the levers G, H “short lams,” 
and the top levers R, T “tumblers.” The cords PP con- 
nect the long lams and tumblers together at the side of the 
loom. 

In mounting this loom for weaving a three-shaft twill, 
three treadles are req^uired, one treadle for each pick in the 
pattern. Supposing one stave to be down and two up for each 
pick. The stave required to be taken down for the first pick 
must be connected to the first treadle through a short lam, 
and the two staves required to be taken up must be connected 
to the same treadle through their long lams and tumblers. 
Each pick in the pattern must be gone through in this manner. 
A separate treadle is required for every pick in the pattern, 
unless the same pick is repeated, in which case one treadle 
will do for^more than one pick. It is not advisable to break 
the regularity in the order of treading in order to save 
a treadle; but in diaper patterns and similar weaves the 

E 
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effect of a point draft is obtained by reversing the order of 

treading. 



Figs. 36 and 37 show the design and cording plan re 
spectively for a twill cloth requiring eight treadles. 
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The hand loom is practically obsolete in the cotton trade, 
but it is still extensively used in silk manufacture, where power 
looms, as at present constructed, are not found advantageous 
for weaving the finer classv^s of goods. 

The chief shedding motions in power looms are tappets, 
dobbies, and jacquards. 

There are various kinds of tappets, the simplest and best 
for plain or twill weaving being those shown at 
Figs. 38 and 39. The former is the more 
general arrangement. In this the tappets are 
placed under the loom, inside the framework. 
In the arrangement shown at Fig. 39 the tappets 
are placed outside the loom, and thus a larger 
amount of floor space is taken up by the latter 
than the former. 

Outside tappets are mostly used in the York- 
shire weaving districts, and are commonly made 
for weaving with about eight shafts. The top 
levers, with *^half moons,” are centred at the 
cross rods EE (Fig. 39), and the heald is lifted 
from both sides of the loom. The top levers 
are very useful for equalizing 

— the shed, as the connection 

with the upright rod can be 
altered without difficulty. 

In a power loom there are two horizontal shafts, the top 
shaft A (Fig. 38) and the bottom shaft B. The former is used 
for working the slay, by means of the crank C, and the connect- 
ing rod or “crank arm” D (Fig. 38). The bottom shaft is 
used for “ picking,” and for this purpose it is necessary that the 
shaft should*revolve at one-half the speed of the top or crank 
shaft. The toothed wheel on the bottom shaft must therefore 
contain twice the number of teeth in the wheel on the crank 


Fig. 39. 
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shaft which drives it. As a plain cloth contains two picks to 
the round, and the bottom shaft makes one revolution for 
two picks, the tappets are fixed to the bottom shaft. Each 
tappet acts upon treadle bowl E, ^and therefore the size of 
the bowl will require to be taken into consideration in shaping 
the tappets. For weaving plain cloth four staves are usually 
taken, in order to prevent overcrowding the healds on each 
stave, the ends being drawn through the staves in the order 
I, 3, 2, 4. As the staves are fastened together in pairs, this is 
the same as two staves. 

The kind of movement to be given to the staves is very 
important, especially in quick-running looms. The staves 
should be moving quickest when they are level, and their 
speed should gradually decrease as the shed opens. It is 
obvious that a movement of this kind will put as little strain 
as possible on the warp, and therefore cause the fewest 
breakages. The depth of the shed should only be sufficient 
to allow the shuttle to pass, therefore the ‘‘ lift ’’ or stroke of 
the heald is dependent upon the depth of the shuttle used. 
The shed when opened should remain open only long enough 
to allow the shuttle to pass through. 

Example . — What lift should a tappet have to make a plain cloth, 
the other arrangements in the loom being as follows : Sweep of slay 5J 
inches, distance of healds from cloth 8 inches, heald connected to treadle 
24 inches from fulcrum, distance from fulcrum to centre of treadle bowl 
16 inches, size of shuttle inch broad, i J inch deep ? 

Assuming that the tappets are under the loom, as in Fig. 12, the treadle 
bowl E is 16 inches from M, and the heald connected 24 inches from M, 
If slay moves back from cloth S|", and the shuttle is broad and ij" 
deep, it follows that the shed must be i-J" deep, or a little over, at a point 
4" from the cloth (52— 15= 4). Then if the heald is 8" from cloth, the 
stroke of heald may be obtained — 4 : 8 : : : 2^" stroke of heald, and 

as 24" treadle : 16 : : 2| : i§ lift of tappet required. 

To obtain the proper shape of the tappets for ^ plain cloth, 
the lift or stroke of the tappets to give the required lift to the 
^ healds must be obtained. If the lift of the heald is required 
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to be 4 inches, and the centre of the treadle bowl E (Fig 38) 
is situated 12 inches front the fulcrum of the treadle M, the 
heald being connected to the treadle at, say, 18 inches from 
the fulcrum, the lift or stroke of the tappet will be obtained as 
follows : — 

As 18 ; 12 : : 4 
4 

18 ) 48 ( 2| lift of tappet 
12 

In some makes of looms the staves are connected to the 
treadles at a point between the fulcrum and the treadle bowl, 



Fig. 40. 

the fulcrum being at the front of the loom. This necessitates 
a larger lift of tappet than lift of heald. The tappets in this 
case are very large, and are preferred by some manufacturers. 

To construct a tappet for a plain cloth from the 
following dimensions.— Lift of tappet, 4 inches. Distance 
from centre of shaft to nearest point of contact with treadle 
bowl, 2 incjhes ; dwell one-third of a pick. Diameter of treadle 
bowl, 2 inches. 

At a radius of 2 inches describe the circle A (Fig. 4o)f 
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This circle represents the distance from the centre of the shaft 
to the nearest point of contact with the treadle bowl. 

At a radius of 3 inches describe the circle B. One inch 
added for radius of treadle bowl. ^ 

At a radius of 7 inches describe the circle C. Four inches 
added for lift. 

The circle B represents the centre of the treadle bowl 
when the inner circle of the tappet is acting upon the bowl. 

The circle C represents the centre of the bowl when pressed 
down by the tappet. 

The pattern being a plain one, the circle must be divided 
into two equal parts, and each half-circle will then represent 
one pick. By the line DE divide the circle into two equal 
parts. Then, as the healds must have a pause or dwell equal 
to one-third pick when at the top and bottom of their stroke, 
divide each half-circle into three equal parts by the lines FK, 
GH. Divide FH and GK each into six equal parts, and divide 
the space between the circles B and C into the same number 
of unequal parts, the largest being in the middle, gradually 
decreasing towards the circles B and C. 

From the corners of these unequal spaces, and with the 
radius of the treadle bowl in the compasses, describe circles 
representing the position of the treadle bowl at different parts 
of its movement. 

Draw the curved line touching the extremities of the treadle 
bowl. This gives the outline of the tappet. 

As previously stated, the movement of the heald must be 
quickest when the shed is nearly closed, and must gradually 
decrease in speed as the shed opens. The unequal spaces 
into which the lift of the tappet was divided give this eccentric 
movement to the heald. The curve of the tappet will approach 
nearer to a radial line as the shed closes, and the heald ap- 
"^roaches the centre of its stroke. Referring to Fig. 40, it will 
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be seen that the treadle bowl is at rest from P to G and from H 
to K, or one-third of a pick at both the top and bottom of the 
stroke. Therefore the time allowed for change, or for moving 
the heald from top to boljom, or vice versA^ is equal to two- 
thirds of a pick. If a dwell equal to half a pick is required, 

^ it can be obtained by dividing the pick into four equal parts 
and taking the middle two parts for dwell. If two-thirds dwell 
is required, divide the pick into six parts and take four parts for 
dwell. 

It is usual to give the tappet which operates the back heald 
a slightly larger lift than the tappet which operates the front 
heald. The difference required can be easily calculated. In 
looms with the fulcrum of the treadles at the front, and the healds 
connected to the treadles between the fulcrum and the treadle 
bowls, some of the required extra lift is obtained by connect- 
ing the back heald to the treadle at a point further from the 
fulcrum than the front heald is connected. In looms with 
the fulcrum of the treadles at the back of the loom, and the 
tappets acting between the heald and the fulcrum, there will be 
a greater difference between the size of tappets in proportion 
to the lift than in the former case. 

Tappets for twills, and other simple weaves, having more 
than two picks to the round, are usually placed upon a counter- 
shaft, but outside tappets are usually worked loose upon the 
bottom shaft. 

The following example will illustrate the principle of con- 
structing twill tappets : — 

Draw a tappet for a 3 up and i down twill. Distance from 
centre of shaft to nearest point of contact with treadle bowd 
3 inches, lift 3 inches, bowl 2 inches diameter, dwell \ pick. 

At a radius of 3 inches describe the circle A (Fig. 41). At 
a radius of 4 inches describe the circle B (one inch added for 
treadle bowl). At a radius of 7 inches describe the circle O 
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(3 inches added for lift). There being four picks in the 
pattern, divide the circles into four equal parts by the lines 
DE, FG. Then each quarter-circle represents one pick, and 
the tappets must be made to mal^ one revolution for four 
revolutions of the crank shaft. As the dwell of the heald 
(when the shed is open) must be equal to half a pick, or half a 
revolution of the crank shaft, divide the first pick into four 
equal parts by the points 0, L, M ; make DP equal to DO, and 



Fig. 41. 


FN equal to FM, and rule lines from P, 0, M, N to the centre. 
The distance OM represents the half-pick dwell, and the 
distances OP and MN represent the half-pick which will be 
allowed for changing the heald from bottom to top of its stroke, 
and vice versL Divide OP and MN into six equal parts, and 
the lift of tappet, or the distance between the circles B and C, 
into six unequal parts, the largest in the middle anj;J gradually 
decreasing towards the two circles. From the corners of the 
^inequal spaces describe the small circles representing the 
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treadle bowl at different parts of its stroke, and draw the out- 
line of the tappet touching the extremities of these circles. 

A tappet of this shape acting upon a treadle bowl two 
inches- in diameter will take the heald down for one pick and 
allow it to go up for three picks. The heald will be held 
stationary for exactly half a pick when at the bottom of its 
stroke, and will begin to rise slowly, and gradually increase in 
speed as it approaches the centre of its stroke, and will 
gradually decrease in speed as it approaches the top of its 
stroke. The downward movement will be an exact counter- 
part of this. In this kind of tappet it will be noticed that 
the heald, when it gets to the top (if it is required up for more 
than one pick), remains stationary until it is required to come 
down. Thus the heald remains at the top while the circles 
revolve from N to P. 

For this twill there will be four treadles, each treadle being 
operated by a tappet of the same shape; but the tappet 
operating each succeeding treadle will be placed one quarter of 
a revolution later than the previous one. 

The size of the treadle bowl has a very appreciable effect 
upon the shape of the tappet, more especially when there arc 
several picks to the round. The movement imparted to the 
centre of the treadle bowl will be the exact movement given to 
the heald as far as regards dwell and eccentricity, and as the 
tappet acts on the treadle bowl at a distance of i or 2 
inches from the centre, the required amount of dwell and 
eccentricity must be given to the centre of the bowl, and the 
shape of the tappet obtained accordingly. It will be noticed 
at Fig. 41, that to give a dwell of half a pick to the centre of the 
treadle bowl, a slightly longer dwell is on the tappet at the 
inner circle^; and as the size of the treadle bowl increases, this 
hollowing out of the tappet must be increased in order to keep 
the dwell of the heald the same. 
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Fig. 42 is a drawing of a tappet for a 3 down, i up, i down, 
I up (six to the round) twill. Centre of tappet shaft to nearest 
point of contact with bowl 4 inches, lift of tappet 2 inches, 
bowl inch diameter, dwell one-thkd of a pick. 

To construct this tappet : — ^At a radius of 4 inches describe 
the circle A. At a radius of 4I inches describe the circle B. 


L 



Q R 

Fig. 42. 


At a radius of 6| inches describe the circle C. As there are 
six picks to the round, divide the circles into six equal parts by 
the lines D, E, F, G, H, I. As there is one-third pick dwell, 
divide each pick into three equal parts, and take the middle one 
for dwell. Rule the lines L, M, N, 0 , P, Q, R, S tc the centre, 
and divide the spaces allowed for change into six equal parts, 
•^and the distance between the circles B and C into six unequal 
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parts, as in the previous examples. From the corners of the 
unequal spaces describe the circles representing the movement 
of the treadle bowl, and obtain the shape of the tappet accord- 
ingly. It will be noticed, that at point L the treadle bowl 
begins to dwell, and remains stationary until it reaches the 
point S, when it begins to go up. The heald will thus be down 



for the first, second, and third picks, up for the fourth, down 
for the fifth, and up for the sixth. 

Woodcroft’s Section Tappets are much used in weav- 
ing heavy goods, such as velveteens and corduroys. They 
are made with various numbers of sections to the round. A 
single tapp^ plate of one twelve picks to the round is given 
at Fig. 43. Sections are sometimes made in two kinds only. 
These are termed “ risers ” and fallers,” according as they 
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raise or depress a heald respectively. Each heald requires one 
plate and lever L, and as the tappets revolve, the lever L is 
moved up and down. When the lever L is lifted, the heald is 
moved downwards. A difference in the character of the shed 
produced by these tappets as compared with ordinary tappets 



Fig. 44. 

Woodcroft Section Tappet. — Sect, i, riser (heald-up) ; sect. 2, faller (heald- 
down) ; sect. 3, left-hand riser ; sect. 4, neutral riser ; sect. 5, right- 
hand riser; sect. 6, left-hand faller; sect. 7, neutral faller; sect. 8, 
right-hand faller. 

will be noticed. When the lever L is lifted for two or more 

picks in succession, it comes down about half-wa^ each pick. 

This is unavoidable^ in section tappets consisting only of 
riser” and faller” sections, which must Join together 
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exactly wherever inserted, thereby causing all the healds to 
come towards the centre of the shed after every pick. If 
there are twelve sections to the round, any pattern repeating 
on three, four, six, or twehie picks may be woven. 

It is sometimes considered an objectionable feature of 
section tappets (as represented in Fig. 43) that they cause all 
healds to be brought level after every pick, thereby producing 
jerky shedding. This objection, however, has been overcome 
by the construction of eight distinct varieties of sections, as 
shown in Fig. 44, whereby healds may remain either up or 
down for several picks in succession on the “open-shed” 
principle, as with ordinary box-plate tappets cast in one piece. 


OSCILLATING TAPPETS. 

Another form of shedding device, which embodies certain 
features of ordinary rotary tappets and dobbies, is that known 
as the oscillating or rocking tappet, an example of which is 
shown in Fig. 45. This type of shedding motion consists of a 
series of plates, B, cast with upper and lower projecting ridges, 
C, D, and fulcrumed on shaft A, upon which they oscillate in 
a manner indicated by arrows, E. A movement in either 
direction represents one pick. On each side of the rocking 
shaft A, and oscillating with the tappets, is a pattern chain, F 
and F', composed of bowls and bushes threaded upon spindles, 
G. Pattern chains, which represent odd and even picks re- 
spectively, are rotated alternately and intermittently, one 
spindle for each pick, thereby causing, elbow-levers H to be 
raised or depressed, according to whether a bowl or a bush is 
presented mnderneath them respectively. The vertical arms 
of H act upon loose plates, I (termed duck-bills which 
are fulcrumed upon short studs, J. Grooves may thus be formed^ 
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between either the upper or lower ridges of tappet plates, and 
the upper or lower edges of “ duck-bills,” which grooves, by 
acting upon treadles K, governing healds, will operate the 
latter in a manner determined by th^ pattern chains. 

Oscillating tappets are situated at one end of a loom, above 
the crank shaft, from which they are driven by wheel gearing 





Fig. 45. 

and suitable connecting arms. They are chiefly employed on 
looms weaving fustians and similar heavy and strong fabrics. 

In plain looms with under tappets, the healds are generally 
connected round a top roller or cone, so that when the tappet 
is pressing one stave down, it is also taking the other stave up. 
The shedding is thus positive. For weaving twills, satins, and 
•ijuch weaves, either spring, roller, or pulley top motions are used. 
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Where spring tops are used, the tappet pulls the heald down, 
and the spring pulls it up again. Of course, the speed at which 
the heald moves upward will be controlled by the shape of 
the tappet exactly as it is. in its downward stroke, but in the 
up stroke of the heald, the tappet is only acting negatively. 
With roller tops the movement is positive, as the rollers are so 
constructed that as one stave is taken down by the tappets 
another is taken up. If two staves are taken down, two will be 
taken up, and the tappets must be constructed so as to allow 



Fig. 46. 


this. It is very important also that the tappets should be of 
the proper shape, and the exact counterpart of each other, so 
that any one stave is allowed to go up at exactly the same 
speed, and with the same amount of eccentricity in its move- 
ment, as any other stave which is being taken down by the 
tappets. Fig. 46 shows the top roller arrangement for plain 
cloth. Straps are connected to the staves over the rollers 
K, ; so that when one stave is taken down by the tappet, 
the other is taken up. 




For three staves the arrangement of rollers as shown at 
Fig. 47 is used. The diameter of B must be twice that of A. 



Sometimes a pulley is used at C, but when it is a 
roller, it is fitted into slots at the ends so as to 
allow of its being lifted. The diameter of C is 
immaterial, but the reason for B and A being as 2 : 
I is that when the first heald is taken down, either 
the second or third must be taken up the same 
distance. Suppose the first stave is pulled down a 
distance of 4 inches, the strap E, being fastened to 
the roller A, which is half the size of B, will be taken 
up only two inches ; and as the tappets are con- 
structed so as to allow only one heald to go up each 
pick, if this heald is the second one, the third being 


Fig. 47. immovable, the second will be taken up 4 inches. 


or the same distance that the first was taken down. 


If the strap E were fastened to B, the stave would be taken 
up eight inches instead of four. This arrangement of rollers 



2 3 
Fig. 48. 



is suitable for a 2 and i twill; 
either 2 down and i up, or i down 
and 2 up. 

For four staves the arrange- 
ment shown at Fig. 48 is used. 
The relative size of the rollers in 
this case is immaterial. If the 
first stave is pulled down by the 
tappet 4 inches, and the second 
is the one allowed to go up, it will 
be taken up the same distance. 
If the first is being pulled down 
4 inches, and the thiM is the one 


allowed to go up, the other being immovable, the strap A is 
'pulled down 2 inches, and B lifted two inches, and the third 
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stave will be lifted 4 inches. If any one of the four healds 
is pulled down, another will be lifted the same distance. 
This motion can be used for either a 3 and i twill or a 2 
and 2 twill, or any four-slave pattern with the same number 
of staves going up as are going down each pick. The 
arrangement shown at Fig. 49, in which the top 
roller is dispensed with, is sometimes used for a 2 
and 2 twill. It will not work a 3 and i pattern. 

The principle of this will be understood by care- piG. 50. 
fully following the movement of staves in weaving 
a 2 and 2 twill. The draft used with Fig. 49 must be 
I, 3, 2, 4, or the first end must be drawn through the first stave, 
the second end through the third stave, the third end through 
the second stave, and the fourth through the fourth stave. If 



Fig. 51. 



the pattern is the one shown at Fig. 50, in which the first and 
second endS are down for the first pick, it is obvious that to 
effect this the first and third staves will be down for that pick, 
and the second and fourth staves will be up. For the second 

F 
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pick the second and third ends are down, and as these are 
drawn through the third and second staves respectively, these 
staves must be down for the second pick. As the third is 
already down, it is only necessary ^o take the second down, 
which will pull the first up as required. The changes in this 
pattern will be easily understood from the following : — 

1st pick : 1st and 3rd staves down, 2nd and 4th staves up. 

2nd pick : 3rd and 2nd staves down, 5th and 3rd staves up. 

3rd pick : 2nd and 4th staves down, ist and 3rd staves up. 

4tli pick : 4th and 1st staves down, 3rd and 2nd staves up. 

Fig. 51 shows a top-roller device for five healds, with 
bottom heald staves connected to treadles that are operated by 
tappets, J, fixed upon a shaft underneath, 
but a little in front of healds, and driven 
by a train of wheels from a pinion, B, on 
the end of the crank shaft A. 

An arrangement for seven staves is 
given at Fig. 52, The two pulleys A and 
B, on the same centre, are in the ratio of 
3 : 4, and the pulley D must be twice the 
diameter of C, the relative size of the 
remaining pulleys being immaterial. If 
the first stave is pulled down, say, 6 inches, 
and the seventh stave is the one allowed 
to go up ; then the strap E will be pulled 
down 2 inches, and the strap F taken up 
1 1 inches, the strap G 3 inches, and the 
stave 6 inches, which is the same distance 
that the other stave was pulled down. It 
will be the same with any other healds in the set. If one 
stave is taken down, any other one left loose hf the tappet 
will be taken up the same distance. Instead of the pulleys 
■A and B, a lever may be used with its two arms in the ratio 
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of 3 to 4, the four staves being connected to the shorter arm, 
and the three staves to the longer arm. 

In some looms the positions of tappets and roller heald- 
motions are inverted: tappets being fixed above, and roller 
motions below, healds. In such cases the roller motions are 
known as “stocks and bowls,” which terms, however, more 
correctly describe those devices consisting of a combination of 
levers and bowls, or rollers, and not those consisting of rollers 
upon shafts. In either case, they are based upon the same 



Fig. S3. 


principle of leverage, and act in an exactly similar manner to 
each other. These devices are very limited in their scope, as 
regards variety of weaves for which they are suitable, and may 
only be employed for weaves of a regular character, in which 
the number of healds up and down is the same for every pick. 
Of course, any number of healds in a set may be up or down 
as required, but when once that number is selected, and healds 
are tied ifp accordingly, it may not be changed without 
re-tieing up. 

Fig. 53 shows a front and end elevation of what is known 
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as the Yorkshire shedding motion, in which tappets are cast 
upon a sleeve slid upon one end of the second motion or 
picking shaft D, to operate treadles, M, fulcrumed at N. 
Connecting rods, J, connect treadlesf M, with quadrant jacks, 
O, secured to cross-bars, K. These serve as fulcra for the 
jacks, which are connected to upper heald staves, P, by means 
of straps and cords, R, whilst bottom heald staves are attached 
by cords to springs, S, for the purpose of pulling healds down, 
after being raised by the tappets. 


PICKING. 

As soon as a warp-shed is sufficiently opened by the healds, 
the shuttle, containing weft, is propelled through it. That 
operation is termed “picking,” and may be accomplished by 
either of two types of picking motions known as “ over ” and 
“under” picking motions. The “over-pick,” also known as 
the “cone” and Blackburn pick (Fig. 54), is in most general 
use, especially for narrow and quick-iiinning looms weaving 
light and medium-weight fabrics ; whilst the “ under-pick ” 
(Figs. 56 and 57), of which there are many modifications, is 
chiefly confined to medium and broad looms, which require a 
picking motion capable of developing greater force. A shuttle 
is propelled by a picker made of hide, which is connected by 
means of a leather strap to the picking stick A (Fig. 54). The 
upright shaft B is the fulcrum of the lever. The cone C is 
the short arm of the lever which receives the force from the 
picking tappet T>, The tappet is so shaped that as it revolves 
it gives a sudden quick movement to the cone-shaped stud, and 
therefore to the shuttle. It is obvious that as the shuttle must 
move from one side of the loom to the other, and back again, 
for two revolutions of the crank shaft, the picking tappets must 
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be placed on a shaft whose speed is one-half that of the crank 
shaft ; therefore the bottom shaft in the loom on this account 
is made to move at the required speed, and the picking tappets 
are placed on this shaft a?t opposite sides of the loom. 

The chief requirement in a good pick is that as little force 
as possible shall be wasted in the loom. The relative positions 
of the tappet shaft and cone should be such that the force 
is exerted as 
nearly as pos- 
sible in the 
direction of 

the dotted line E at right angles 
with the upright shaft B. It is im- 
possible to effect this throughout 
the whole course of the stroke, but 
it is obvious that if this is ap- 
proached as nearly as possible, the 
pick will be smooth, and the wear 
and tear reduced to a minimum. 

A very considerable amount of 
power is wasted if the direction of 
the force is too much downward. 

The direction of the force is at 
right angles to a line drawn tangent 
from the cone at the point of con- Fig. 54. 

nection with the picking tappet. 

Thus in Fig. 54 the direction of the force is indicated by the 
dotted line M, which is at right angles to the dotted line N, 
drawn tangent to the cone at the point of connection with the 
tappet. 

The intensity of the force depends on the length of the 
stroke of the tappet and on the suddenness of the curve of t^e 
working face. If in two looms the length of tappet is the same, 
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but in one the portion of a revolution occupied in making the 
stroke is less than in the other, there will be a greater intensity 
of force in the loom with the quicker stroke. In Fig. 55 the 
portion of a revolution occupied in rliaking the stroke is indi- 
cated by the angle AB. If this angle is increased, the force of 
the pick will be lessened, and if the angle be decreased, the force 
of the pick will be augmented. It will be understood from this 
that if the picking tappets are short the 
pick is liable to be harsh. If a fair 
length of tappet is given, a smoother 
and better-timed pick can be made. 
The curve on the picking tappet gradu- 
ally approaches a radial line as it nears 
the end of the stroke, but the combined 
influence of the change in the position 
of the cone and the backward move- 
ment of the slay causes the shuttle 
to move quickest in the early part of its movement in the 
box. 

There is a relation between the length of the shuttle-box 
and the length of the picking tappet. If the tappet is a short 
one, the shuttle-box must be short ; and if a longer tappet is 
^sed — the leverage of the picking arm and other parts being 
the same — the shuttle-box will be longer. 

It is obviously inadvisable to have too short a tappet, as 
the movement of the shuttle in the box must in that case be 
extremely sudden, in order to have the necessary force. 

An underpick motion is given at Fig. 56. A picking 
treadle, A, centred at C, is pressed suddenly down by the 
picking bowl B, which is fastened on to the wheel on the 
bottom shaft in the loom. A strap, E, connects the treadle 
^d the picking lever. In Fig. 57 this connection is shown. 
The strap from the treadle is fastened to the quadrant, and as 
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the treadle is pressed suddenly down, the picking lever H is 
’ moved forward. The shape of the curve E, which the picking 
bowl strikes, regulates the character of the movement given to 
the lever H, and it is weii%not to have the curve too small and 
sudden, or the pick will not be satisfactory. The curve on the 
^ treadle in Fig. 88 (p. 120) is perhaps better than the one in 



Fig. $6. Fig. 57, 

Fig. 56, as it is longer, and is therefore not liable to be so 
jerky. 

There are numerous other picking motions, which chiefly 
differ in the mechanism for actuating the picking lever. 

Beating up the Weft is the third primary movement 
in weaving. This movement is performed by a crank on the 
top shaft in the loom and a connecting rod or crank-arm which 
connects the crank and the slay together. This is shown at 
Fig. 38, wh«re the crank C and crank-arm D give a reciprocat- 
ing movement to the slay S. The slay moves upon a rocking 
shaft, E, as a fulcrum, and when the crank is at the front centr«" 
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the slay-swords should be perpendicular, or nearly so. Some- 
times the fulcrum is taken a little forward, but it is never 
advisable to have the slay over the perpendicular when in con- 
tact with the cloth, ^ 

The movement of the slay should be eccentric. It is 
obvious that when the slay is at the back of its stroke its move- 
ment should be sufficiently slow to allow time for the shuttle to 
pass through the shed ; and that when beating up, the speed of 
the slay should be sufficient to knock the weft firmly into the 
cloth. A crank and crank-arm give the kind of movement 
required. 

The eccentricity of the slay's movement depends upon the 
length of the crank and crank-arm, and upon the position of 
the crank-shaft in relation to the point of connection of the 
crank-arm with the slay. The position of the crank-shaft in 
relation to the connecting pin varies in different makes and 
widths of looms. We shall see that the position of the shaft 
and the direction in which the loom runs have an important 
bearing on the force exerted by the slay in beating up the weft. 
For ordinary looms the usual position of the shaft is a little 
below the level of the connecting pin when at the front centre, 
and when the shaft is in this position the movement of the slay 
is the most even and least eccentric. To obtain this position 
of the crank-shaft in a diagram, first draw the line SA (Fig. 58) 
to represent the slay-sword when the reed is in contact with the 
cloth j this we will assume is perpendicular. We will suppose 
SA to be 24 inches, S being the rocking shaft and A the con- 
necting pin which connects the crank-arm with the slay. Sup- 
pose the loom we are dealing with to have a 3-inch crank and 
a 12-inch crank-arm. Describe the arc AN from the centre S, 
and mark off on the arc a distance from A equal to twice the 
length of the crank. As the crank is 3 inches long, mark off 
the point B, 6 inches from A. This point B represents the 
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♦position of the connecting pin when the slay is at the back of 
its stroke. 

From A, rule the line AX in such a position that the arc 
AB makes the least possible departure from it. It will be 
found that this necessitates AX cutting the arc AB at a point 
^ a little past the middle of the arc. With the length of the 



crank and crank-arm, viz. 15 inches, in the compasses, from A 
as a centre cut the line AX at E, and this gives the position 
for the crank-shaft which will give the least possible eccentricity 
to the slay, ^his will be obvious, as the nearer the connecting 
pin moves on the straight line AX, the less will be the eccen^ 
tricity of the slay. 
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That the movement of the slay in the back half of its stroke* 
is slower than in the front half can easily be proved by taking 
the length of the crank-arm in the compasses, and, after bisect- 
ing the°arc AB at C, from C marHnt off the points D and H 
on the crank circle. It will be seen that both these points are 
somewhat inside the top and bottom centres of the crank in- 
dicated by the dotted line, and therefore the slay moves from 
C to A and back, the front half of its stroke, in less time than 
it moves from C to B and back to C. The reason for this 
eccentricity or unevenness in the movement of the slay is that 
when the crank is moving from the back centre to the top 
centre the crank-arm is oscillating and opening an angle with 
AX while the slay is moving forward, and therefore while the 
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Fig. 59- 


crank is making this quarter of a revolution, the connecting pin 
of the slay will move something less than from B to C ; and 
while the crank is moving from the top centre to the front 
centre, the crank-arm is straightening or closing the angle while 
the slay is moving forward, and thus the connecting pin will 
move a greater distance than from C to A while the crank is 
making this quarter of a revolution. When the crank moves 
from front to bottom centre the angle is opening while the slay 
is moving backwards, and therefore the pin will move a little 
more than from A to C j and when the crank moves from 
bottom to back centre the angle is closing while the slay moves 
backwards, thus retarding the velocity of the slay. 

This will be better understood from Fig. 59, where CD is 
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the crank-arm, and ED the crank at the top centre. A is the 
position of the connecting pin when at the front of its stroke, 
and B its position when at the back of its stroke. The dimen- 
sions are as in Fig. 58 — viz.'i 2-inch arm, 3-inch crank — and for 
|implicity we will assume the connecting pin moves on the 
straight line AE. From A to B is 6 inches, and therefore it is 
obvious that AC is something over 3 inches, and that the con- 
necting pin moves this distance whilst the crank is making the 
quarter of a revolution from top to front centre. The distance 
AC can be obtained as follows. It is obvious that CDE is 
a right-handed triangle, and therefore CD**^ is equal to CE*^ 
+ EDI Therefore CD^ — ED^ = CE®, and having obtained 
the length of CE, we can subtract this from AE, which 
leaves the length of AC. The formula will stand thus — 

CD*' - ED*-" = CE*^ 

12 “ - 3 ^ 

144-9 

.M35 - C 

and CE = V 135 or 11*6189 
length of AE = 15*0000 inches 
11*6189 inches 

AC = inches 

The answer may be obtained in one calculation as follows : — 
AE ~ V W^ED*^ = AC 

or 15 - V 12' - 3“ 

15 - y 144 - 9 

15 - V 135 

15 — ii’6i 89 = s’sSii 

We thus see that the connecting pin moves 3 inches -fo ‘381 r 
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inch while the crank is moving from the top to front centre. 
It will also move the same distance while the crank moves from 
front to bottom centre. 

When the crank is moving fr€)m the bottom to the back 
centre, the connecting pin will move 3 inches -0-381 1. 

3*0000 

2*6189 inches, 

and the same distance when the crank moves from back to 
top centre.; 

It is often necessary in comparing looms to obtain the 
distance travelled by the connecting pin for a smaller move- 
ment of the crank than a quarter of a revolution. 

Suppose it is desired to find the distance travelled by the 
connecting pin while the crank moves through 30 degrees to 
the front centre. 

Take a 4-inch crank and 12-inch crank-arm. In Fig. 60, 



Fig. 60. 



ED is the crank, 4 inches, and DC the crank-arm, 12 inches, 
the angle 0 = 30 degrees. P is the position of the connecting 
pin when at front of its stroke. 

To find the distance CP. From a table of natural sines we 
can obtain the sine of an angle of 30 degrees, viz. sin 3o''=o’5, 
and therefore, knowing the length of ED, viz. 4 inches, we can 
obtain the length of DN, it being 0*5, or half of ED, in an 
angle of 30 degrees. 



Hand and Power Looms 77 

Having two sides of a triangle, we can obtain the third 
side thus : 

ED'-DN^ = EN2 and 
= CN- 

( Having obtained the length of CN and EN, we can easily 
obtain CP by subtracting CF from the length of crank and crank- 
arm together. Working out the problem in figures we get — 

ED^ - DN" = EN- 
42 - 2^ = EN- 
16 -- 4 = EN' 

12 = EN' 

A EN= \/ 12 or 3*4641, And 
CD'-DN' = CN' 

12' - 2' = CN' 

144 ~ 4 = CN' 

140 = CN' 

CN=v^ 140 or 11*8321 
and 11*8321 + 3*4641 = 15*2962 

Therefore CE = 15*2962 inches, and subtracting this from 
PE, which is 16 inches (12 -1- 4 = 16), we get 16 — 15*2962 
= 0*7038 as the distance CP, which is the distance moved by 
the connecting pin for the 30 degrees movement of the crank. 
The complete formula is as follows : — 

PE - [VeD' - DN'+ VdC' - DN'J = CP, or distance 
moved by the connecting pin for the given number of degrees 
through which the crank moves, ND being obtained from a 
table of sines. 

To find the distance moved by the connecting pin while 
the crank moves through 5 degrees — say, from 30 degrees to 
25 degrees in beating up. 

To solve this it will only be necessary to subtract the 
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length of CE when the crank is forming an angle of 30 degrees 
from the length of CE when the crank forms an angle of 25 
deo-rees. In the previous example we found that for 30 degrees, 
CE = 15-2962 inches, and therefore proceeding in the same 
manner for 25 degrees, we get from table of sines, sin^ 
25° = 0-4226, and 0-4226 of 4 inches 1-69 ; therefore ND = 1-69 
inches, and 

4® — 1-69^ = EN^ 

16 - 2-856 = EN® 

. I3-X44 

EN = v'x 3 'X 44 ox 3-626 
and 12^ - 1-69^ = CN^ 

144 - 2-856 = CN" 

141-144 =CN^ 

CN = Vi 4 X'i 44 = ii'88; 

therefore CN = 11-88 inches, and CE will equal 11-88 + 2-626, 
or 15-506 inches, when the crank is forming an angle of 
25 degrees. 

15-506 length of CE for 25 degrees 
15-296 length of CE for 30 degrees 

inches 0-210 distance moved by pin whilst crank moves 
through 5 degrees, from 30 degrees to 25 
degrees, inbeating up. 

In this manner it is easy to calculate the distance travelled 
by the pin for any number of degrees moved by the crank, 
and by comparing the velocity of the slay in different looms, 
the force of the beat up can be compared. 

The force exerted hy the slay varies as the square of its 
velocity. Thus, if in two looms where the weight of the two 
slays and the tension on the two warps are the same, the 
velocity of the slay in one loom is twice that of the other 
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at a certain point in the beat up, the force of the former slay 
at that particular point will be four times the force of the latter, 
I- : 2^ :: 1 : 4. 

We can thus compare%the force exerted by the slay in 
different looms at any point of the beat up. 

The force of the beat up is chiefly exerted upon the pick 
when the crank is nearly at the front centre, and the force 
exerted will also depend considerably upon the tension on the 
warp ; but the slay is doing some work in beating up from the 
moment the reed begins to move the pick forward. 

Possibly the most reliable method of comparing the force of 
the beat up in different looms is to calculate the time occupied 
by the slay in moving through 
a specified distance at the 

front of its stroke in beating ^ i 

up. This necessitates a rather -■ 't— KPTq'A j j 
different calculation to the 
preceding examples, but is 
equally as simple. 

Suppose it is required to compare the force exerted by the 
slay in beating up (say the front i inch of its stroke) in two 
looms, one with a 1 2-inch crank-arm and 3-inch crank and the 
other with an ii-inch arm and 4-inch crank. The weight of 
the slays, the speed of the looms, the tension on the warps, and 
the timing of the primary movements, the same in each case. 

In Fig. 61 the smaller circle represents the 3 -inch crank 
and the larger one the 4-inch crank. CP = i-inch, CB = 1 1- 
inch arm, and CD = the 12-inch arm. It is obvious that 
if we can obtain the two angles made by the cranks, viz. 
L CAB and L CAD, we shall be able to get the time, or 
fraction of a Evolution, occupied in moving the slay from C to 
P. As we know the three sides of the triangle we can obtain 
the angle enclosed by any two sides, and what is required in 
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this case is to obtain the angles BAG and DAC. In triangles 
of this kind where there is no right angle, we can obtain the 
cosine of the angle as follows : — 

+ = aQ, the cosine of angle DAC, 

2CA . AD 

,CA2 + AB2-BC2 .. . r , 

and pT — P r = AN, the cosine of angle BAG. 


The proof of this formula is given in Euclid, Book 2. 
Having obtained the cosines of the two angles, we can find 
the angles themselves by referring to a table of sines and cosines. 
Then as AP = 15 inches, 

GA = 14, AD 3 inches, DG 12 inches, BA 4 inches, 
BC 1 1 inches ; and reducing the formulae to figures, we get : 


'+3^- = 196+16-144 - 0.-262 

X (14 X 3) 84 


and by referring to a table of sines, we find that cosine 
07262 = angle 43° 26', therefore angle DAC = 43|-°, about. 
Also 

14^ + 4* -11^ _ 196+ 16- 121 _ ^ -.0^,- 

2 X (14 X 3) II2 112 ’ 

and by referring to a table of sines and cosines, we find cosine 
0-8125 = angle 35!°. 

We thus find that to move the connecting pin i inch to the 
front of the stroke, in the loom with i i-inch arm, the 4-inch 
crank will move through 35!°, and in the loom with the 
12-inch arm the 3-inch crank will move through 43 for the 
same movement of the slay. Assuming the force exerted by 
the latter to be i, the force of the former will be as 35I 
squared : 43^ squared : : x : Ans. 

It may be as well here to give a short explanation of the 
system of obtaining angles by sines and cosines^ 
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As the crank moves forward it is obvious that the line DQ will become 
shorter, and as the angle becomes larger the line DQ will increase in length. 
In trigonometry, the ratio between the length of the line DQ and the radius 
AD is called the sine of the angle, and if the radius is i, the length of DQ 
will be the value of the sine. In an angle of 30® the sine is exactly I the 
radius, and the relation between the radius and the sine for every angle 
is known, and arranged in “tables of sines.’' The length of AQ will 
'also vary with the angle, and the length of this line is called the “ cosine ” 
of the angle QAD. The eosme of an angle of 30° is therefore the same as 
the sme of an angle of 60°. When the sine is known it is easy to obtain 
the cosine as fo llows ; — 

Cosine =z Vi — sin®. Thus for an angle of 30°, cosine = \/i — 0*5®, 
or cos® = I — 0*5®, therefore cos® = i — 0*25, or cos® = 075, .*. cos = do' 7 S 
= 0*866. By reversing, the sine may be obtained from the cosine. 

The value given to the sines and cosines must not be taken for the 
actual length of the lines ; they are simply the ratio to the radius. Thus 
in an angle of 30°, if the radius is i inch the length of the sine wdll be 
^ inch and the cosine 0*866 inch. If the radius is 2 inches, the actual 
length of the sine will be i inch and of the cosine 1732 inches. 

Table of Sines and Cosines. 


Angle. 

Sine. 

Cosine. 

Angle, j 

Angle. 

Sine. 

Cosine. | Aigle. 

0° 

000 

1*00 

90 ° i 

24° 

■4067 

•9135 

66° 

I® 

•0175 

•9998 

89° ' 

25 ° 

•4226 

■9083 

65 ° 

2° 

•0349 

•9994 

88° i 

26° 

•4384 

•8988 

64° 

3 ° 

•0523 

■9986 

87° 1 

27° 

•4540 

•8910 

63° 

4° 

*0698 

•9976 

86° i 

28° 

•4695 

*8829 

62° 


•0872 

•9962 

85 ° 

29° 

’484S 

■8746 

61° 

6° 

•1045 

•9945 

84° 

30 ° 

•5000 

•8660 

60 ° 

7 ° 

*1219 

•9925 

83° 


•5150 

•8572 

59 ° 

8° 

•1392 

•9903 

82° 

32° 

•5299 

*8480 

58 ° 

90 

■1564 

•9877 

81° 

33 ° 

•5446 

■8387 

57 ° 

10° 

•1736 

■9848 

80 ° 

34 

*5592 

*8290 

56° 

11° 

*1908 

•9816 

79° 

35 ° 

•5736 

'8192 

65 ° 

12° 

•2079 

•9781 

78° 


•5878 

*8090 

54° 

130 

•2250 

•9744 

770 

37 ° 

•6018 

*7986 

53° 

14° 

•2419 

•9703 

76° 

38° 

•6157 

*7880 

32° 

15 ° 

•2588 

■9659 

75 ° 

39 

•6293 ! 

•7771 

51 ° 

16° 

*2756 

■9613 

74 ° 

40 ° 

•6428 

•7660 

S 0 ° 

17° 

•2924 

•9563 

73 ° 

41° 

•6561 

*7547 

•7431 


18° 

•3090 

•9511 


42° 

*6691 


19° 

*3256 

•9455 

71° 1 

43 ° 

•6820 

*7314 

< 

20° 

• 3420 ,^ 

■9397 

70 ° I 

, 44 ° 

*6947 

’7193 

46° 

21° 

' 35 % 

•9336 

69° 1 

l| 45 ° 

•7071 

*7071 

45 ° 

22° 

23*^ 

*3746 

*3907 

■9272 

■9205 

68° ’ 
67° ' 

i Angle 

Cosine 

Sine 

Angle 

1 


g' 
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We see from Fig. 6i that in a loom with a 4-mch crank 
and ii-inch arm, the velocity of the slay is much greater when 
beating up than with the 3-inch crank and 12-inch arm. 

The effect of the length of th^ crank-arm on the velocity 
of the slay can easily be shown by a diagram or by calculation. 
If the length of the crank-arm be altered without altering the*^ 
length of the crank, there will be found a somewhat quicker 
movement of the slay at the beat up in the loom with the 
shorter arm. The difference is not so great when the crank- 
arm is a long one in proportion to the crank. The chief cause 
of the difference in the velocity of C in Fig. 61 is the difference 
in the length of the craiik. It is obvious that the longer the 
crank the greater the angle which it will cause the arm to 
make, and therefore the greater will be the acceleration of the 
velocity of C when the angle is closing and the slay moving 
■ forward. Likewise, it is obvious that the shorter the arm the 
larger will be the angle to close, but the prmcipal thing to 
notice is that an increase in the length of the crank causes an 
increase in the velocity of the slay owing to the extra distance 
which it has to travel in each revolution ; so that even if the 
crank-arm were lengthened in exact proportion to the increase 
in the length of the crank, so as to keep the angle to be closed 
in beating up the same, there would still be a considerable 
increase in the velocity of the slay, caused by the extra dis- 
tance it has to travel. This lengthening of the crank has 
obviously much more to do with the increase in velocity of 
the slay than the shortening of the arm has. 

The longer the crank the further back from the cloth will 
the slay be taken, and assuming that the shed is open for the 
shuttle when the crank is at the bottom centre, a long crank is 
obviously more suitable for a wide loom, as, having to move 
further back, it will allow a longer time for the shuttle to pass 
through the shed than a short crank would; therefore the 
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wider the loom, the longer the crank is required to be to allow 
time for the shuttle to pass. 

The time allowed for the passage of the shuttle may also 
be increased by using short arm so as to increase the 
eccentricity of the slay. 

The longer the crank, the greater the velocity of the slay, 
therefore a long crank is suitable for heavy work, as it stores 



Fig. 62. 


up more force in the slay than a short one. The force may 
also be increased by shortening the crank-arm, thus increasing 
the eccentricity of the slay. 

The. position of the crank-shaft in relation to the connect- 
ing pin has some effect upon the ecceiitridty of the slay s move- 
ment. Fig. 62 shows this, but to see clearly the effect it wouj^ 
be advisable to make an accurate drawing to a large scale. 
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Four positions of the crank-shaft are shown. The one on the 
line A is just a little below the level of the connecting pin, so 
that the pin moves as nearly as possible on the line A when 
making the front quarter of its stroke. The circle on the line 
B is the position where the pin moves as nearly as possible on 
line B when at the back quarter of its stroke ; D is any higher 
plane, and C any lower one. Divide the stroke of the connect- 
ing pin LR into four equal parts, and from S, with the crank; 
arm in the compasses, cut the circles with the arc E, and from 
T cut the circles with the arc F. It will be found that in the 
circle A, OP is slightly longer than in any of the other circles ; 
therefore this is the position where the beat up is slowest. It 
will also be found that in the circles B and C there is scarcely 
any difference in OP, therefore sinking the cranl^shaft from 
within reasonable limits makes very little difference ; if any- 
thing, there is a slight decrease in the size of OP as the plane 
is lowered, but it is very slight, and the increase in the velocity 
of slay would also be very slight. On the other hand, by 
raising the crank-shaft to D a considerable increase in the 
velocity of the slay in beating up takes place, as it will be 
found that in this circle OP is much less than in the others. 

At the back of the stroke it will be found that in the plane 
B the distance XY is least \ therefore there is here the least 
dwell of the slay at the back of its stroke with the shaft in this 
position. This is because the pin moves as nearly as possible 
on the line B whilst the crank is at the back part of its stroke. 
As the crank is raised or lowered the dwell at the back 
increases slightly. 

Reversing the direction of the loom makes a difference in 
the beat-up. 

It will be found that in the circle A, OP^and ON are 
about equal, therefore there will be scarcely any change in the 
fSlocity of beat-up by reversing the loom ; but as the shaft is 
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lowered ON will be found to become less than OP, and there- 
fore a quicker blow is given by reversing the loom if the shaft 
is in this position. If the shaft is raised, as in the case of 
circle D, it will be found chat ON becomes greater than OP ; 
therefore with the crank above A, reversing the direction of 
the loom will cause a slower and weaker beat-up. 

In the diagram, Fig. 62, the crank and crank-arm are the 
same length for each position, the centre of the shaft being 
indicated by the dotted arc. 

Timing of the Primary Movements. 

The primary movements, shedding, picking, and beating up, 
are timed differently in relation to each other in weaving 
different classes of fabrics. For plain cloths, or other cloths 



where a good cover is required — that is, where the warp has to 
be spread — ^the crank should be set about the top centre when 
the healds are crossing each other. At Fig. 38 the loom is 
timed in th^s manner. When so timed it is obvious that the 
shed will be considerably or altogether open when the reed is 
in contact with the cloth. By sinking the centres of the heSuS 
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below a line drawn from the temple to the back rest, the upper 
portion of the shed is always slack, and if the pick is beaten 
up in a crossed shed, the loose ends of the warp are spread 
between the taut ones. In Fig. 6^ the straight line AB is 
drawn from the front carrier A to the back carrier B. The 
centres of the healds when level are on the line ACB, the 
point C being a little way below the line A B. When one stave 
is lifted a certain distance and the other goes down the same 
distance, it is obvious that the upper portion of the warp will be 
slacker than the lower portion, because the line ADEFB is 
shorter than ADGFB, and when the reed beats up with the 
warp in this position the slack ends are spread between the 
taut ones, thus giving a good cover to the cloth and preventing 
the reed marks from showing. Each set of ends alternately 
becomes slack. 

Another advantage of beating up when the shed is crossed 
or partly open for the succeeding pick is that the pick is held 

more firmly in position than when 
the shed is not crossed, and there- 
fore the picks can be got in better. 

In twilled cloths the boldness 
of the twill is somewhat affected by 
the warp being spread, and these 
cloths are often preferred when 
made without the healds having 
been sunk. 

If the dwell on the tappet is 
equal to one-third of a pick, as in 
Fig. 64, the line D will mark the 
point of the tappet when the crank is at the top centre. When 
the crank has made one quarter of a revolution and is at the 
front centre with the reed in contact with the cloth, the point 
Efwill be acting on the treadle bowl. It will be seen that 
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here the shed is almost fully open. When the crank is at the 
bottom centre the point G will be acting on the bowl, and the 
shuttle should just be entering the shed. When the point H of 
the tappet is acting on th^. bowl the shed will be commencing 
to close, and the shuttle must be just leaving the shed. When 
the point I is acting on the bowl the crank will be at the back 
centre, and when the crank reaches the top centre the healds 
will be again level. 

If the dwell on the tappet is more than one-third pick, and 
at the commencement the crank is set on the top centre with 
the healds level, the shed will keep open longer for the shuttle 
to pass through, and would be more open when the crank 
reached the front centre. It will be obvious that for a wide 
loom a longer dwell is required than for a narrow loom. 

By having the shed fully open before the shuttle enters the 
shed, the warp is spread and a good cover put on the cloth, 
but all this dwell is taken off the time which would otherwise 
be allowed for opening and closing the shed, and therefore 
means extra strain on the warp. 

If it is not necessary to spread the warp, the shed need not 
be fully open until the shuttle is entering the shed. In this 
case the greatest possible amount of time is allowed for 
opening and closing the shed, thus putting as little strain as 
possible on the warp. 


Speed of Tappets. 

As previously stated, the bottom shaft in the loom, being 
the one used for picking, revolves at one-half the speed of the 
crank-shaft, and therefore plain cloth tappets may be fastened 
on the bottom shaft. Tappets of more than two picks to the 
round are usually fixed on a counter-shaft, S (Fig. 65), in looms 
with inside tappets. - Sometimes the wheel E is geared dire<4iy 
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into %e wheel C on the bottom shaft, but usually a carrier- 
wheel, D, is used to convey the motion from the bottom shaft. 

The number of teeth in the carrier 
wheel h(n,s no effect on the speed 
of the tappets, as it is used simply 
to fill up the space between the 
bottom and counter-shafts. 

If the wheel on the crank-shaft 
A contains 45 teeth, and the wheel 
B 90 teeth, C 40 teeth, and E 60 
teeth, the tappet-shaft S will be 
making one revolution for three 
revolutions of the crank-shaft ; 
therefore these wheels will do for three-end twill tappets. This 
may be proved by multiplying the drivers together and the 
drivens together, and dividing one by the other, thus — 

90 X 60 _ 

45 X 40 ~ ^ 

It is usual to place two or three wheels on the bottom shaft of 
the loom, so that any one of them may be geared into the 
carrier wheel D, each giving the required speed for different 
tappets. If a 40 wheel, a 30 wheel, and a 24 wheel are placed 
on the bottom shaft in such a manner that they can be moved 
along the shaft and any one of them be geared into the carrier 
wheel, any 3, 4, or 5 pick tappets can be driven with these 
wheels. We have seen that a 40 wheel at C gives three picks 
to the round. 

Suppose the 30 wheel at C is geared into the carrier wheel, 
we get— 

drivens 90 X 60 _ 
drivers 45 X 30 

of^he relative speed of the tappets and crank-shaft are as 
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1:4; therefore these wheels may be used for any tappets 
with four picks to the round. 

If the 24 wheel is at C, we get : 

drivens 90 X 60 _ 
drivers 45 x 24 

and thus we get the proper rate of speed for tappets five pick 
to the round. 

Some loom makers use the wheel E as a change wheel. 
With a 24 wheel C and a 36 wheel E we get tliree picks to the 
round, thus — 

drivens 90 X 36 _ 
drivers 45 X 24 

With a 24 wheel C, a 48 wheel E gives 4 picks, 

With a 24 wheel C, a 60 wheel E gives 5 picks. 

With a 24 wheel C, a 72 wheel E gives 6 picks. 

Example , — Find the number of teeth for the wheel C on the bottom 
shaft to drive tappets seven picks to the round, wheel on tappets 63 teeth. 

9 ^ ^ . P 3 . z= 18 wheel. Am. 

45 X 7 

Woodcroft’s tappets, as a rule, are driven directly from the 
crank-shaft. As these tappets are usually of a large circum- 
ference, a large wheel on them is of no disadvantage, although 
sometimes intermediate wheels are used. 

If the tappets are twelve to the round, and the wheel on the 
tappets contains 192 teeth, a driving wheel of 16 teeth will be 
required on the crank-shaft. 

= 12 picks to the round 
16 

For driving outside tappets, as in Fig. 39, a driving wheel on 
the crank-shaft and two intermediate wheels are generally usS^. 
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The tappets are placed on the bottom shaft outside the loom, 
but they are loose upon the shaft, and can, of course, be made 

to revolve at a different speed to 
the shaft, either in the same or 
in the opposite direction. This 
system of driving the tappets is 
shown at Fig. 66. The wheel A, 
on the crank-shaft, drives the 
wheel B, on an intermediate 
stud ; the wheel C, on the same 
centre, drives the tappet wheel D. 

To find the wheel on the 
crank-shaft, or the first driver, the 
other wheels being as follows : 
first driven wheel, B, 36 teeth ; 
second driver, C, 12 teeth; tappet 
wheel, D, 120 teeth. 

Multiply the two driven wheels together, and divide by the 
given driver multiplied by the picks to the round, thus — 

. 3^ ^ 40 first driver, A. 

12 X 9 

To find the second driver for eight picks, the other wheels 
being : first driver, A, 20 ; first driven, B, 40 ; second driven, 
D, 60, 

The given driver multiplied by the picks to the round, 
20 X 8 = 160; the drivens multiplied together, 40 X 60 
= 2400 ; 2400 “f* 160 = 15 wheel required. 

To find either of the driven wheels, multiply the two 
drivers and the picks together, and divide by the driven given 
wheel, thus — 

Example . — Find the wheel for the tappets, D, for 10 picks to the round, 
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the other wheels being : first driver, i6 teeth ; first driven, 32 teeth ; second 
driver, 20 teeth. 

16 X 20 X 10 - , . , 

= 100 wheel required 

To find both intermediate wheels, multiply the given driver 
by the picks to the round, and as the product is to the teeth in 
the tappet wheel, so is the required driven to the required 
driver. 


Example , — Find the two intermediates for lo-pick tappets, if the 
w'heel on the crank-shaft has 18 teeth, and the wheel on the tappets 
120 teeth. The 18 x 10 = 180, and therefore the two required wheels 
must be in the proportion of 180 to 120, the former being the driven 
wheel. Thus a 36 driven and a 24 driver will give tlie required speed to 
the tappets. That this is correct may be seen from the following : — 

18 X 24 _ 

36 X 120 ■ 


10 picks 


That the required wheels must be in this proportion will be 
apparent from the fact that if the wheel B has ten times the 
number of teeth in A, then B is revolving at the speed at which 
the tappets are to move j therefore if the wheel C has the same 
number of teeth that D has, the speed of the tappets will re- 
main the same. 


FAST- AND LOOSE-REED LOOMS. 

One of the most important motions in the power loom is 
that by which the loom is stopped automatically when the 
shuttle is caught in the shed or for some reason does not enter 
the shuttle-box. A motion of this kind has always been con- 
sidered necessary since the introduction of the power loom. If 
the shuttle b^ caught in the shed as the reed is beating up, it is 
obvious that great damage to the warp must result unless the 
loom is brought to a sudden stop or the reed thrown *o!S^ 
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The oldest form of protector is the “ stop rod.” In this the 
reed is fast, and if the shuttle is caught in the shed or flies out, 
the loom is brought to a sudden stop before beating up. Fig. 
67 will illustrate the principle of l^is motion. If the shuttle 
enters the box safely it presses back the swell S, which projects 
inside the box and is held there by a spring. As the swell is 
pressed back it raises the lever B above the frog F as the 
slay beats up. If the shuttle for any reason does not enter the 
box, the swell is not pressed back, and as the slay moves for- 
ward in beating up, the lever B catches the frog F, which is 

moved a little and applies 
the brake G, and also 
knocks off the loom handle 
H, which removes the belt 
on to the loose pulley. 
Before the application of 
the brake to this motion 
the frog was fixed to the 
framework of the loom, 
and it will easily be under- 
stood that the concussion 
caused many breakages. 
A stop rod protector was 
patented in 1791, but the brake was not applied until 1840 or 
thereabouts. 

The loose reed is a better way of preventing damage to the 
warp by the shuttle being caught. If the shuttle is caught in 
the shed it throws out the reed and stops the loom. Its action 
will be understood from Fig. 68. A rod, C, runs underneath 
the shuttle-race at the back of the slay, and the finger B is 
fastened to it The reed is held in position by a board, A, 
which is also connected to the rod C, as shown in the diagram. 
‘if'Se shuttle is caught in the shed, it presses back the reed and 
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the board A, and lifts the finger B to the upper side of the 
frog F, and as the slay moves forward it throws the board A 
further back and the reed out at the 


bottom, and the lever is brought 
into contact with the loom handle, and 
the loom is stopped. If the shuttle 
passes safely through the shed, the reed 
is not pressed back, and the finger F 
comes under the frog as the slay gets 
to the front of its stroke, and holds 
the reed comparatively fast. The 
disadvantage of the loose reed is that 
the reed is not sufficiently firm to put 
a large amount of weft into the cloth, 
but improvement is being made in this 
respect, and loose-reed looms are to- 
day made for weaving fabrics for which 
it was formerly necessary to have fast 



reeds. 


Fig. 68. 


The invention of the loose reed 


is generally attributed to Mr. James Bullough. It was invented 
about 1842. 


THE WEFT FORK STOP MOTION. 

One of the most useful adjuncts to the power-loom is the 
motion for stopping the loom when the weft breaks or runs out. 
Fig. 69 will explain the principle of this useful contrivance. 
The grid A placed at the side of the reed between the reed 
and the shuttle-box, and the fork is so placed that as the 
grid moves forward the prongs of the fork pass through^c. 
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When the weft comes between the fork and the grid it raises the 
end of the fork E, out of the way of the hammer H, which is 
moved forward every two picks by a cam or lifter, D, on the 
bottom shaft of the loom. If theVeft breaks or runs out the 
fork will of course pass through the grid, and it is so balanced 
that the hook E will be caught by the hammer and the loom 



handle knocked off. The invention of the Weft Fork Stopping 
Motion is claimed by several persons, but it was perfected 
about the year 1842, when the brake was applied to it. The 
action of this brake is iUustrated at Fig. 70. When the handle 
is pushed sideways in starting the loom it lifts the rod R and 
th^ver L, and thus takes the brake off. When the handle is 
knocked off by the weft fork being caught, the lever L drops 
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and the brake is applied. The brake power can be regulated 
by altering the posi- 
tion of the weight on 
the levers. • Q 

In looms with 

change boxes at both 

sides the weft fork is ( O V\ 

often placed in the R I 

middle of the loom. y y — ^ 

It is obvious that Q 

when several shuttles 

are used there will 

always be some weft '' 1 

threads opposite the 

grid in the ordinary jtjg. 70. 

weft fork motion, and 

this renders it inoperative in this class of looms. It is there- 
fore necessary to have a fork to feel for each pick separately. 


TAKING-UP OR COILING MOTIONS. 

There are two distinct classes of taking-up motions — the 
positive, and the negative or drag motion. In the former the 
cloth is taken up a small but regular distance each pick, and 
the number of picks per inch can be regulated to a fraction. 
Fig. 71 is the common form of positive take-up motion. A 
ratchet wheel or “ rack wheel,’' A, is moved forward one tooth 
every pick by a click or catch, M, operated by a projection, G, 
on the slay syord. As the slay moves forward the rack wheel 
is moved one tooth, and the holding catch or detent N prevents 
it from going back. There are five wheels in the train, anoTbe 
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nam& usually given to them are as follows : A, rack wheel ; B, 
change wheel ; C3 stud wheel ; D, stud pinion j E, beam wheel. 
The emery taking-up roller is marked F. The cloth, as it is 
woven, is drawn forward by the emeyy roller and is wound upon 
the cloth roller, which is pressed against the emery roller by 
weighted levers, and is turned by friction. 



The speed at which the emery beam roller is turned regu- 
lates the number of picks per inch, and as changes are con- 
stantly required in most weaving mills, the wheel B is usually 
taken as a change wheel. As this wheel is a driver, a smaller 
wheel will make the emery roller move slower, and therefore 
more picks will be put in the cloth, and a larger wheel will 
drive the emery roller quicker, and as a consequence a smaller 
rg^p^er of picks will be put in. If the rack wheel has 50 teeth, 
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the stud wheel 120 teeth, the stud pinion 15 teeth, an(? the 
beam-roller wheel 75 teeth, the beam roller being 15 inches in 
circumference, and if the change wheel used has 25 teeth, the 
number of picks per quarter-inch will be 20. 

This may be proved by multiplying the drivers together and 
by the circumference of the emery beam roller in quarter-inches 
for a divisor, and multiplying the drivens together for a divi- 
dend : the quotient will be the number of picks per quarter-inch. 


Drivers. 

25 

21 

125 

25 


375 


60 quarter-inches 
in beam 


22500 


Driven. 

50 

120 
6000 
IS 

22500)450000(20 picks per 
45000 quarter-inch 


When the cloth is taken out of the loom, rather more than 
this number of picks will be counted, as there is not the same 
tension as when the cloth is being woven. It is usual to allow 
about per cent, for this shrinkage. 

For the purpose of easy calculation the dividend of the 
loom is obtained ; that is, the change wheel required to give 
one pick per quarter-inch. By using this as a dividend and 
dividing by the number of picks required in a quarter-inch, the 
quotient will be the change wheel required ; and, vice versd^ 
by dividing by the change wheel, the number of picks given by 
that wheel can be obtained. 

To find the dividend of a loom — 

Multiply the rack, stud, and beam wheel together for a 
dividend, and the stud pinion and the number of quarter-inches 
in a circumference of the emery beam for a divisor, and the 
quotient will be the mathematical dividend. Add per cent, 
to this for the practical dividend. 

H 
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the wheels given in Fig. 71 the dividend will be as 
follows : — 

15 stud pinion 

60 quarter-inches ift circumference of beam 
900 

50 rack wheel 
120 stud wheel 

6000 

75 beam wheel 

900)450000(500 mathematical dividend 
4500 


00 

500 

7 = i|- per cent, for shrinkage 

507 practical dividend. 

Having the dividend, it is only necessary to divide by the 
picks to obtain the change wheel required, or to divide by the 
teeth in the change wheel to obtain the picks which it will 
give, thus — 

507 507 

picks ~ = 39 change wheel change wheel ^=25^ picks. 


The following are the wheels used by various loom makers : 


Rack wheel. 

Stud wheel. 

Stud pinion. 

Beam wheel. 

Circumference 
of beam in 
inches. 

Dividend. 

50 

120 

IS 

7 S 

15 

507 

60 ^ 

120 

IS 

7 S 

IS 

609 

50 

146 

14 

90 

15 • 

794 

50 

100 

1 

7 S 

15 

528 


100 

12 

75 

IS 

634 
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Example . — Find the dividend of a loom with a rack wheel 6o teeth, 
stud wheel lOO teeth, stud pinion 12 teeth, beam wheel 75 teeth, beam 
15 inches circumference. 

rack stud wheel 

^ ^ = 625 mathematical dividend 

smu quarterinchcs _9 = li per cent, 
pinion in beam 634 practical dividend. 

It is not possible by changing one wheel only to obtain any 
number of picks or fraction of a pick, as will be seen from the 
following examples : — 

picks = 12*67 picks = 12*12 

40 41 

picks — = 12*07 
42 

For the lower number of picks the motion does fairly well, 
but for the higher numbers of picks the changes cannot be 
made with sufficient exactitude by changing a single wheel. 
Even in the lower picks it is now required to make the smallest 
fractional changes. 

An improved arrangement of wheels is now largely 
adopted. This is Pickles’ motion. Fig. 72 shows the train 
of wheels. The change wheel B is in this case a driven 
wheel, and therefore if a larger wheel is used it will give a 
larger number of picks in the cloth, and if a smaller wheel 
is used it will give a smaller number of picks ; so that if the 
wheels are so proportioned that the change wheel B has the 
same number of teeth that there are picks per quarter-inch, it 
will always remain so, whatever size the wheel is. If a 20 driven 
wheel gives 20 picks, a 30 will give 30 picks, and so on. 

The wheel A is also changed, and this is usually called the 
“standard” wheel. This is a driver wheel, and therefore a 
smaller wheel gives more picks, and vice verst. The wheels 
are so proportioned that if A, the standard wheel, ha§.4;^ne 
teeth, each tooth in B, the change wheel, represents one pick 
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and therefore, this wheel being a driven, the number of teeth 
in it will also represent the number of picks per quarter-inch. 
If an 1 8 standard wheel is used, it is obvious that the emery 
beam will be driven twice as fast, therefore each tooth in the 
change wheel B will then represent half a pick per quarter- 
inch.'’ With a 27 standard each tooth in the change wheel B 
will represent one-third of a pick. With a 36 standard each 
tooth in B will represent a quarter of a pick per inch. 



Fig. 72. 


The wheels mostly used are those in the diagram, and 
supposing we have a 3^ standard and a 45 change wheel, and 
taking the emery beam as 15*05 inches in circumference, we 
get— 

B 

24 X 4 5 X 89 X 90 ^ 11.088 
3^ X 24 X 15 X 60 20 _ i|per cent, for shrinkage 

1 1 *254 picks per quarter-inch. 
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Thus with a 36 standard a 45 change wheel, B, gives ii~ picks 
per quarterdnch, or each tooth in the change wheel gives a 
quarter of a pick per quarter-inch. 

By changing these two wheels any fraction of a pick can 
be obtained. Thus if 13^ picks per quarter-inch are required, 
the wheels used would be an 18 standard and a 27 change 
wheel. For 13! picks a 27 standard and a 41 change wheel 
would be used, and so on. 

The following examples will fully illustrate the principle 
of this motion : — 


Picks per quarter-inch. 

Standard wheel. 

Change wheel. 

20 

9 

20 


18 

31 

14.^ 

27 

43 


27 

44 

135 

36 

53 

134 

36 

55 

r2i 

45 

i 

61 


It is not always customary to change the wheels in the 
above manner, as a different value is often given to each tooth 
in the change wheel by altering the standard wheel, otherwise 
than by multiples of nine. 

Any number may be made the basis of a train of wheels 
of this kind ; there is no reason why it should be nine more 
than any other number, and in adapting looms from the 
ordinary five- wheel motion to this principle, it is not necessary 
to get all new wheels, as some of the old ones may be made 
to form part of the train. 

There are several kinds of negative or drag take-up 
motions. One of the older forms is that given in Fig. 73. 
A lever, AS, centred at C is weighted on the arm B. A 
small cam, D, on the crank-shaft presses down A evep^pick 
and lifts the catch E, which operates the ratchet wheel F. 
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As the weights drop they act as a drag upon the ratchet wheel. 
A small pinion on the same centre as the ratchet wheel drives 
the wheel G on the cloth beam. The cloth in a negative 
motion is wound directly on to the cloth beam, and thus there 
is no risk of damaging the finer fabrics, as is the case when 
an emergy beam is used, as in a positive motion. The number 
of picks put in the cloth is regulated by the weights on the 
lever B ; the greater the weight the less the number of picks, 
and vice 

The action of a negative motion is as follows r — As the 



ratchet wheel F. The holding catch is usually a double one, 
and will hold the ratchet wheel when taken forward the space 
of half a tooth. 

By increasing the drag upon the ratchet wheel, a slighter 
blow from the slay will enable the weights to act, and thus 
less weft is put into the cloth. If a loom is regulated 
so as to put a certain number of picks per inch into the 
cloth of a given count of weft, and weft of finer count 
is then used, it is obvious that the number of picks per 
inclf^ould be increased. If the weft varies in thickness 
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the negative motion compensates for this somewhat, by putting 
more picks in where it is thinner, and thus a more even 
thickness of cloth is produced than where a positive motion 
is used. 

As the cloth is wound on the beam the circumference of 
the latter gradually increases, and consequently there would 
be a gradual alteration in the amount of weft put into the 
cloth, owing to the difference in leverage. It is necessary, 
therefore, to count the cloth and adjust the weights at intervals 
in order to keep the number of picks regular. 





Another kind of negative take-up motion is shown at 
Figs. 74 and 75. This is now more generally used than the 
other kind. The cloth beam A is driven by a screw, S. 
The ratchet wheel B is fastened to the screw-shaft, and the 
method of operating the ratchet wheel will be seen from 
Fig. 75, which is another view of the mechanism. A short 
lever, E, is attached to the rocking shaft K, and as the slay 
moves backwards from the cloth the weights W are lifted a 
little, and when the slay moves forward, the weights, acting 
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through the catch M, will take the ratchet wheel forward a 
tooth, or half a tooth, as the case may be. There is usually 
a double-holding catch N, which will hold the wheel if taken 
forward half a tooth. When the ratchet wheel has made one 
revolution, the wheel on the cloth beam will only have been 
moved one tooth by the screw, so that the required slow 
movement of the cloth beam is obtained by very simple 
means. There is a hand wheel, P, for unwinding the cloth 
readily. The negative motion is used principally in weaving 
the heavier classes of cotton fabrics and those in which there 
is a large number of picks per inch, such as velvets, and similar 
fabrics. Its advantages are that the cloth is wound directly 
on to the cloth beam, and cannot therefore be injured by an 
emery beam, and that it makes the cloth of a more even 
thickness, as it compensates for any variation in the thickness 
of the weft ; and its disadvantages as compared with a positive 
motion are that it requires frequently adjusting (less frequent, 
of course, when a very large number of picks are put in, as 
in velvets), and that it does not put a perfectly regular number 
of picks in the cloth, as a positive motion does. This latter 
is the chief objection to it, as even in the lighter makes of 
common velvets a positive motion is preferred on account of 
its giving a more evenly picked cloth. In silk looms, where 
it is absolutely necessary to dispense with an emery beam, 
a very large cloth beam is used, and the cloth is wound directly 
on to the cloth beam although the take-up is positive. The 
cloth beam is sometimes over a yard in circumference, so that 
it will hold a fair length of cloth without making much difference 
in the number of picks. The cloth is taken off the beam 
frequently, or the gradual change in the thickness of the cloth 
beam would cause the piece to get too thin. This would, of 
course, not do for cotton goods. 

Another ready method of obtaining any required pick in 
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a positive motion is used in the East Lancashire disUicts. 
Seven wheels are used, as in Pickles’ arrangement, but the 
ordinary wheels of a 507 dividend (or other dividend) are used, 
and in addition the two’ wheels B and C, as in Pickles’ 
(Fig. 72), are introduced. The wheel B, the driven wheel, is 
called the standard in this arrangement; and suppose it is 
required to put 15 picks per quarter-inch in the cloth with the 
rack wheel 50 teeth, stud wheel 120, stud pinion 15, beam 
wheel 75, beam 15 inches circumference. The standard used 
is a 24 — this, it must be borne in mind, is in this case a driven 
wheel. Then by multiplying the dividend of the five-wheel 
motion, viz. 507*5, by 24, the teeth in the standard, and 
dividing by the picks per quarter-inch required, we get the 
product of the two drivers, A and C, thus — 

507*5 X 24 sta ndard B __ 

15 picks 

This 8x2, then, is the product of the two drivers, and any two 
convenient wheels which, multiplied together, give this number 
can be used — thus ^ = 29. Therefore the two drivers may 
have 28 and 29 teeth respectively. The two wheels are found 
by experiment. If the dividend of the five wheels is 609 a 
20 standard wheel is used, and the same drivers as in the 
preceding case will do. If it is required to change only one 
wheel, and to have the arrangement such as to give an exact 
number of picks, or half-picks, or quarter-picks, in the quarter- 
inch of cloth, by taking the two drivers A and C of such 
numbers that their product amounts to 507, the number, of 
teeth in the driven wheel B will always equal the number of 
picks per quarter-inch exactly. Thus ^ = 39. Therefore if 
the drivers A and C have respectively 13 and 39 teeth, every 
tooth in the * driven wheel B will represent one pick^ per 
quarter-inch. 
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Suppose half-picks are required exactly, the method of 
obtaining the wheels is as follows: — Multiply the 507*5 by 2, 
^vhich equals 1015, then find two convenient wheels which, 
multiplied together, produce this number; 35 X 29 = 1015, 
and the two drivers A and C may be 35 and 29. This will 
cause every tooth in the driven wheel B to represent half a 
pick exactly. 

Thus with a 35 wheel A, and a 29 wheel C, a 31 wheel B 
will give i5*|- picks per quarter-inch, the other wheels being the 
same as in an ordinary 507 dividend motion. 

The following examples will prove this : — 

50 ra£k_x_3i B X JC2o stud X 75 beam wh^ — ic* 7 

35AX29CX15 pinion X 60 quarter-inches ^ 
and 15*27 

0*23 = 1 1 per cent, shrinkage 
15-50 picks. 

When quarter-picks are required exactly, by changing one 
wheel only — multiply 507*5 by 4, and the product of the two 
drivers A and C must equal this. Then every tooth in the 
driven wheel B will represent a quarter-pick per quarter-inch. 

There are many methods of letting off the warp positively, 
but none are likely to succeed in displacing the older and 
quite satisfactory method of levers, ropes, and weights. The 
very fact of making the let-off positive, causes too great a 
rigidity in the hold of the warp, which, is detrimental to the 
yarn. The frictional let-off is not likely to be replaced in cotton 
goods weaving unless it be in some of the heavier kinds of 
fabrics. Where it is a question of putting in as much weft as 
possible, the positive let-off has an advantage. 



CHAPTER III 

DROP-BOX LOOMS 

Where more than one weft is used in a fabric, it is, of course, 
necessary to change the shuttle automatically. Sometimes two 
or more different counts of weft of the same colour are used, 
and sometimes different colours of weft. Checks of all kinds 
extra weft spots, and others are 
the chief classes of fabrics which 
require change boxes. 

The oldest and commonest 
form is the Diggle's chain motion 
illustrated at Fig. 76. The num- 
ber of boxes used in this motion 
is either 2, 3, or 4, It would be 
possible to use more, but it is not 
usually done with this arrange- 
ment for operating them. A lever, 

AC, is centred at C (Fig- 76), and 
the friction bowl B on this lever is 
moved upwards by a chain, com- 
posed of links fastened together on pins, which work round 
a barrel, D. These links are of different sizes, according to 
the number of boxes used. The smallest link leaves the top 
box in a line vfith the shuttle-race, and the other links are of 
such a size as to raise either the second, third, or fourth b<^xes 
(assuming that there are four) into this position. The general 
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me1:hod is to raise the boxes one at a time, and drop them 
all together, but this is not compulsory. It will be seen 
that the motion of the boxes is not positive downwards — 
that is, the boxes drop by their own weight, and are not 
mechanically forced down, as in Wright Shaw’s or White- 
smith’s motions — and it will be well understood that there will 
thus be a limit to the speed at which the loom can be run. 
The method of turning the barrel D which carries the chain 
is as follows. A wheel, E, on the crank-shaft drives a larger 
wheel, F, above it. On the face of this wheel, F, is a rim and 
two projections, PP, or, it may be, only one projection. These 
projections or pins gear into the star wheel G, which is fastened 
to the barrel carrying the chain, and therefore when the star 
wheel is turned one tooth, or one-eighth of a revolution, it will 
move the chain a space of one link. The wheel E on the crank- 
shaft often has ope-fourth the number of teeth contained in the 
wheel F; therefore, if there are two pins or projections, PP, in 
the circumference, the star wheel will be moved one tooth 
every two picks, and the boxes may be changed so often by 
making the chain accordingly. The lever M, which is centred 
at R, has the boxes attached to one end, and the other end 
may be pressed down by the foot when it is required to lift 
the boxes for any purpose when the loom is stopped. Sup- 
posing the wheel E to have 15 teeth and F 60 teeth, if there 
are two projections, PP, on the face of F, the shuttle may be 
changed every two picks, but if there is only one projection 
or pin, there may be a change every four, or a multiple 
of four picks. 

The chief disadvantage of this motion in the form given at 
Fig. 76 is that the chain becomes very cumbersome if a long 
pattern is required. To obviate this, the projections PP are, in 
an improved motion, made so that they can be withdrawn from 
gear with the star wheel. This is effected by a clutch motion 
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which is subsequently described in connection with fiie 
“ pick-and-pick loom,’’ With this improvement, each link in 
the chain may be made to represent any number of picks, the 
number being regulated by a small chain of metal cards, and 
thus larger patterns may be made without the long heavy 
chains which are required in the ordinary “ Diggle.” 

The Biggie’s chain principle, although suitable for some 
types of looms, is not an ideal motion, as the downward move- 
ment of the boxes is negative. The boxes have nothing to 
force them down but their own weight and the weight of the 
levers connected with them, and this necessitates the loom being 
run at a slower speed than is the case with some of the positive 
drop-box motions. Of this latter kind Wright Shaw’s motion is 
one of a great variety of different types, and has been in use for 
a long time. 


WRIGHT SHAW’S DROP-BOX. 

The principle of this motion will be understood from" the 
diagram, Fig. 77. The essential feature of this invention is ^ 
forked rack, G, suspended from the free end of a treadle lever, E, 
fulcrumed at F, and carrying a bowl or runner, D, near the 
centre. At one end of the second motion or picking shaft, A, 
of the loom, are two cams, B and C, either of which may be 
brought underneath the treadle bowl at will, so as to raise the 
treadle and forked rack once during each revolution of the 
picking shaft, corresponding to two picks. Passing midway 
between the two prongs, H, H', of the fork is a short shaft, upon 
which are secured two toothed wheels, I and J. Wheel I is so 
placed that the teeth on either side of the rack may be put into 
engagement with its teeth just before the fork rises, so as to ttfrn 
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the wheel in either direction ; or the rack may occupy a neitral 
position when rising, in which event the wheel remains 
stationary. In any case, the racks are always clear of the 
wheel when descending, immediately in front of wheel I 
is another similar wheel J, whose teeth are in permanent 
engagement with those of a rack, K (an extension, L, of which 
supports the shuttle-boxes, M). Thus, if rack H' is put into gear 
with wheel I, boxes will be depressed as the rack rises; 
but if rack H operates, the boxes will be raised. One box, 
or two boxes, only, may be either raised or dropped at one 
change, according to which rack and which cam is put into 
operation. The smaller cam moves one box, and the larger 
cam two boxes, either up or down. 

The selection of racks and cams is made by pattern cards 
(detached) which pass over an octagonal prism, N. The cards 
are presented separately, once in two picks, to three selecting 
needles, i, 2, 3, The two outer needles, i, 3, are attached one 
at each end of a double arm secured at the top of a long vertical 
shaft, O, the bottom of which communicates with the forked 
rack G. Thus a depression of boxes is effected by a blank 
part of a card pressing against needle i, and an elevation of 
boxes by pressing back needle 3. Shaft O is loosely contained 
within a long tube or sleeve, P, which carries a short arm, 
R, at the top, and a forked clutch, Q, which acts upon the boss 
of cams, B and C. If it is desired to move two boxes, needle 
2 is pressed back, thereby causing an inclined piece, S, secured 
to it, to act upon arm R so as to slightly turn the sleeve 
P, and move the larger cam C under the treadle bowl at a time 
when the short side of the cam is uppermost, as indicated in the 
diagram, Fig. 77. At one point, the larger and outer cam is 
slightly lower J:han the smaller one, and can be readily moved 
under the bowl. 

The various changes which can be made by this motion 
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may^be seen by referring to the cards at Fig. 77. When there 
is a blank opposite the first needle only, the rack is pushed 
to the left and the boxes are moved “down one.” When 
there is a blank opposite the thitd needle only, rack H is 
moved to the right and the boxes are forced “ up one.” When 
there are blanks opposite the first and second needles, 
they are pushed backward, thus moving rack H' to the left, 
and also forcing the larger cam under the treadle bowl, 
in which case the boxes will be moved “ down two,” When 
there are blanks opposite the second and third needles, 
they are pushed backward, and the boxes are “ raised 
two.” When there are three holes in the card, the racks, 
when lifted, miss the wheel, and there is “ no change ” in the 
boxes. It will be seen that the boxes may be moved either 
up or down, a space of one or two boxes only at a time. 
There may be more than three boxes, as many as five being 
regularly used ; but if there were five, it would not be possible 
to change from the first box to the fourth or fifth. The greatest 
change which can be made is from the first to the third, fourth 
to second, and so on. 


WHITESMITH'S DROP-BOX. 

The principle of Whitesmith’s motion is probably the best 
for any number of boxes. It is usually made for four, and the 
change may be made with certainty from one box to any other. 
The arrangement for working four boxes in a loom is illustrated 
at Figs. 78, 79, 80. The principle will be best understood by 
referring first to Fig. 80. The four different positions of the 
boxes are here shown. The boxes are connected to the ring 
or strap of an eccentric at the point E, and at A the position 
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of the parts is shown when the boxes are at their lowest point. 
The eccentric, F, on the shaft has a lift of one box, and therefore 
by causing it to make half a revolution intermittently every 
two picks, the boxes would be alternately lifted and dropped a 
space of one box, as will be seen by referring to C (Fig. 80), 
where it has made half a revolution from its position at A. It 



A 

Fig. 80. 


will be seen that E is one box higher at C than at A, Starting 
again from the first position, as at A, by turning the outer ring 
halfway round and leaving the eccentric stationary, there will be a 
lift of two boxes. This is shown at B (Fig, 80). Again starting 
with the first position, as at A, if we turn the outer ring halfway 
round, and at the same time turn the eccentric F half-round, we lift 
a space of three boxes — that is, from the first to the fourthl^ox. 

I 
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The"position of E in this case is shown at D (Fig. 80). We thus 
see how from the bottom box any other of the four can be 
reached. By turning the eccentric halfway we lift one box, by 
turning the ring halfway round we lifi two boxes, and by turning 
both ring and eccentric halfway round we lift three boxes. If we 
are at the third box, as at B (Fig. 80), and we wish to reach the 
second box or one lower, by turning the eccentric half a iwolu- 
tion and the ring half a revolution we shall get the position re- 
quired. It will thus be seen that any one of the four boxes may 
be reached at will. At Fig. 79 another view of the eccentrics and 
boxes is given. The wheel H is keyed to the shaft on which 
the eccentric is fixed, and riding loosely upon this shaft is another 
wheel, I, of the same size, to which a fork, K, is attached. 
This fork fits on to a pin at the back of the ring, and thus by 
turning the wheel I the ring can be moved independently of 
the eccentric. If the wheel H is moved it moves the cam, and 
if the wheel I is moved it moves the ring. Referring now to 
Fig. 78, the wheel H is shown. This wheel is driven by a wheel, 

I (Fig. 79), twice its size. On the face of the wheel L there are 
four pins, and by lifting the lever OP at O, the pulling hook M 
is dropped round one of the pins, and the hook being moved 
forward by the crank Q will cause the wheel L to make a 
quarter of a revolution and the wheel H to make half a revolu- 
tion, and therefore the eccentric is moved half a revolution. On 
the same stud as the wheel L there is another w’heel exactly the 
same size and with four pins; this wheel (which cannot well be 
shown in the diagram) gears into the wheel I shown in Fig. 79. 
There is also another pulling hook which works along with M. 
This second pulling hook is operated by another lever like OP. 
There are two levers, X, which are lifted by the cards, and by 
lifting X, either, or both, of the pulling hooks may be dropped, 
and either of the wheels I or H (Fig. 79) turned half a revolu- 
tion^but always in the same direction. 
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The wheel L and its companion are prevented from turning 
too far by a strong friction arrangement. 

This motion may be adapted to work six boxes, or even 
more. For six boxes there is another eccentric inside the first 
eccentric, which can be wmrked independently; this will, of 
course, require a third pulling hook, and so on. 

Many loom-makers have patented arrangements on the 
same principle, which do away with the pulling hooks M, and 
it is probably in this direction that the motion may be 
improved. 

The Whitesmith principle is simple, and positive through- 
out, and it is difficult to see why it is not in more general use. 
It is generally admitted by those who have had practical 
experience of drop-box looms on this principle that it is the 
best. There are other drop-box motions, but the foregoing 
are the chief kinds. 


CIRCULAR-BOX LOOMS. 

These are not used in the cotton trade to anything like the 
extent they are in the woollen and worsted trades, especially 
in Yorkshire. It is remarkable that this should be the case, as 
it is claimed for circular boxes that they can be run at a higher 
speed than any other kind. Circular boxes are usually made 
for six shuttles, generally to move only one box at a time, but 
they are made to skip one box, although the arrangement is by 
no means so simple or satisfactory as in a well-made loom on 
Whitesmith’s principle, where the changes are made from one 
box to another almost noiselessly. At Fig. 8i the mechanism 
of a circular-box motion is shown. There are two hooks, A. 
and B, which act upon pins outside the boxes. When the^^ook 
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A is pulled down the boxes will be turned one to the right, and 
when B is pulled down they are turned one to the left. A lever, 



Fig. 8i. 


EF, is connected with the 

f 

lower part of each hook, 
and another lever, M, is 
lifted every two picks by 
means of a cam, C. The 
cards lift or drop the L lever 
QS at S, and so the hook H 
can either be lifted or left 
down by the lifter M, and 
the boxes can be turned one 


in either direction. A dis- 


advantage of circular boxes is that they cannot be used in fast- 
reed looms on account of the difficulty of operating the stop 
rod from the back of the boxes. They are therefore only used 
for weaving the lighter classes of fabrics. 


PICK-AND-PICK LOOM. 

The majority of box looms are made with movable boxes 
at one side of the loom only, so that single picks of any colour 
cannot be put in the cloth at will. As it is very desirable in 
many fabrics to use single picks of a colour or count of weft, 
it is necessary to have movable boxes at both sides of the loom, 
and where this is the case it is usual to have picking mechanism 
which will allow of several picks being made in succession from 
either side of the loom. If the matter be carefully thought 
over, it will be easily apparent that even with drop boxes 
worked quite independently of each other at both sides of the 
loom, if the picking mechanism is of the ordinary kind — viz. to 
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pick once from each side alternately — it would be impossible to 
obtain that variety of changes in the shuttles which is in many 
cases necessary. In a loom with two boxes at each side 
worked independently, it would be impossible to obtain single 
picks alternately of two colours or counts. But by being able 
to pick twice in succession from each side this can be done. 
By going through all the changes possible with a given number 
of boxes, the advantage of this kind of picking arrangement 
will be very apparent, in the command it gives over any shuttle 
in the series for any pick. It is therefore necessary to have 
the picking mechanism afore- 
mentioned in order to allow of 
all the boxes being emptied at 
one side if required. A loom 
of this character is called a 
“ pick - and - pick ’’ loom; the 
picking motion is sometimes 
called a pick at will ” motion. 

The loom which we take as an 
example is one on the Diggle’s 
chain principle. There are two 
chains, placed at one side of 
the loom for convenience. Both chains are on one barrel, A 
(Fig. 82). The chain for working the boxes at the right-hand 
side of the loom operates the lever B, and the left-hand chain 
operates the lever C, the fulcrum of both levers being at D. 
When these levers are lifted they lift the levers E and F, and 
when E is lifted it lifts the boxes at the right-hand of the loom, 
and when F is lifted it lifts the left-hand boxes. The connec- 
tion of the left-hand boxes with the lever F is shown at Fig. 83. 
The shaft G b placed under the loom, and the left-hand boxes 
are connected to the lever H, which is fast to the shaft G. 
The lever F is also fast to the shaft G, but the lever E rides 
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loosely upon this shaft, which merely serves as a fulcrum for E. 
From these two figures it will be clearly understood how the 
boxes may be ^worked independently at 
both sides of the loom by two chains placed 
side by side upon the barrel A. 

In order to make each link in these 
chains represent any number of picks, and 
thus prevent long cumbersome chains, the 
mechanism shown at Figs. 84 to 87 is 
employed. The barrel A in Fig. 84 is the 
same as barrel A in Fig. 82, and carries 
the chains for lifting the levers B and C. 
At the end of the barrel the star wheel I 
is fixed, and this star wheel is turned by the pins J. These 
pins are worked by a clutch motion shown at Fig. 86, by which 
they can be withdrawn from gear with the star wheel as desired. 


n_ 
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u 

JRlarv 


^ 

Fig. 83. 



The pins KK are fixed, and turn one tooth of the star wheel 
Y every pick, the wheel M having twice the number of teeth 
contained in L, which is on the crank shaft of the loom. The 
star wheel Y is fast to the end of a small octagonal barrel, 
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which carries a pattern chain N composed of small metal (?ards, 
and we have seen how this barrel is turned one division every 
pick. Above this pattern chain N a finger, O (Fig. 86), is placed 
and is lifted up against a spring every pick by the cam P on the 
face of the wheel M. When the finger is up, the pins JJ are 
taken inside the wheel M, as shown at Fig. 86. The cam P only 
raises the finger a sufficient length of time to allow the barrel 
Y to be turned round, and if there is a blank in the cards 
opposite the finger O when it is let down by the cam it will 
still keep the pins J inside the wheel, and will thus prevent 




either of them from engaging with the star wheel I, and will 
leave the boxes unchanged. This can be repeated any number 
of picks. If a change is required in the boxes, a hole is placed 
opposite the finger O, and when it is let down the pins J pro- 
ject through the wheel M (as indicated by the dotted lines 
in Fig. 86), and the star wheel I will thus be turned one 
tooth, and the chain can make the change required in the 
boxes. 

Fig. 87 is another view of the cam-shaped projection P, 
which raises -the finger every pick, and Fig. 85 is another 
view of the chain barrel A. The letters in the six Figs. 82 
to 87 inclusive refer to the same parts in each case. 
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fn this way the chains on A are rarely required to be very 
long, as one link may be made to represent any number of 
picks from one upwards. Of course a separate card on Y is 
required for each pick, but these are very small, only about 

inch in length, and a large pattern can be made with very 
little trouble. 

When a Jacquard is used on one of these looms it is 
sometimes necessary to work the pattern from the Jacquard 
cards. This can be done in a very simple manner by 
covering the hole in the barrel carrying the cards N with 
a metal plate, which is held over the hole by a spring. 
When a change is required in the boxes, a Jacquard hook 
pulls the plate from over the hole, and allows the finger O 
to drop, and thus causes the star wheel I to be engaged by the 
pins J. 

The picking mechanism in a pick-and-pick loom may be 
either over or under pick. In the former the picking tappets 

are sometimes moved on the 
shaft by a clutch arrangement. 
In the latter the top of the 
picking treadle is movable. 
As the under pick is perhaps 
the best adapted for this 
loom, we will describe it. 

Fig. 88 is a side view of 
the loom, and the top of the 
picking treadles consists of a 
metal plate with the shoe S 
of such a shape as to give the required force and character to the 
pick. This metal plate works round a pivot, P. The treadles 
at both sides of the loom are the same in this reject. At the 
back of the loom a rod, R, is connected to the extreme ends 
of the loose plates or the treadles, and when one plate is on 
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the treadle, the other is fixed ^its treadle, as shown in*Fig. 
89. The consequence is that when the picking bowls come 
round (there are two bowls on the bottom shaft at each side 
of the loom) the loom will pick always from that side where 
the loose plate is on the treadle, and at the other side, where 
the plate is off^ the bowls will pass over the treadle without 
touching it. By moving the rod R sideways, the plates may 
be moved alternately off and on their treadles. 

If the loom has four boxes at each side, it may be neces- 
sary to pick four times in succession from one side of the 
loom, and by a simple arrangement the picking can be regu- 
lated at will The mechanism for moving the rod R sideways 
is shown at Fig. 90. Inside the loom framework a lever, L, 



is centred at C, and by a combination of levers is connected 
to the rod R, which is the rod referred to in the previous 
diagrams. A strong spring keeps the plates right for picking 
from one side, but when it is required to pick from the other 
the lever L is lifted, which moves the rod R sideways and 
moves the plate off one treadle and on the other. A chain is 
used for lifting the lever L, and the star wheel A is turned by 
two pins on the wheel B on the bottom shaft of the loom, or 
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by one pin if on the crank shaft, thus causing the star wheel 
to be turned one division every pick. The loom may thus be 
made to pick four times from the right side, three from the 
left, twice from the right, and so on, of course always taking 
care that the shuttles are there to be picked. 



CHAPTER IV 

BOBBIES 

The lappet shedding motion is the simplest and most perfect 
for a small number of shafts. They may be made to work an 
indefinite number of shafts, but it is seldom that above eight 
or ten are worked with ordinary tappets, and about sixteen 
with Woodcroft’s or other plate tappets. 

With dobbies, a higher number of shafts may conveniently 
be worked, but it is not only for this reason that dobbies are 
so extensively used. They are extensively used for weaving 
twills, satins, and other simple weaves, on four or five shafts. 
The chief advantage they possess is that any number of shafts 
within their capacity may be used without extra trouble or cost ; 
whereas ordinary tappets have to be made specially for each 
pattern; whilst section tappets, and oscillating tappets, are 
inconvenient. 

Dobbies are made to weave up to 40 or more shafts, but 
16 and 20 are the commonest numbers. Most dobbies now 
used are on the double-lift principle ; indeed, the single-lift 
dobby or witch machine is almost obsolete in cotton weaving. 
The chief kind of double-lift dobby is the Hattersley ” or 
Keighley ” dobby. The principle of this machine was in- 
vented by Messrs. Hattersley & Hill, of Keighley, Yorkshire; 
hence its name. Since the original patent rights have expired, 
almost all loom makers have their own particular form of this 
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dobfey, embodying many more or less minor improvements on 
the original. The principle of this dobby will be understood 
from the lecture diagram, Fig. 91. The dobby is placed at 
one side of the loom, and is therefore in a convenient position 
for being attended to. The upright rod R is connected to a 
crank on the bottom shaft of the loom, and therefore the 
rocking lever AB, centred at C, will make one complete move- 
ment to and fro, every two picks. The knives D and E slide 



Fig. 91. 


along, always retaining a horizontal position, one going inward 
as the other comes outward. 

The shaft or stave is connected to the jack lever FGH at 
F, and the upright MN is fastened to this lever at H, the 
fulcrum being at G. The upright MN has two hooks, P and 
Q, coimected to it at opposite ends, and suppose that when 
the knife D is in its innermost position, as in the diagram, the 
hook P is dropped on to the knife ; when the knife begins to 
move it will take the top of the upright MN with it until MN 
assumes the position indicated by the dotted line M^N, and the 
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stave is lifted. If it is required to lift the same stave for the 
succeeding pick, the bottom hook is then dropped on to 
the knife E, which at that moment will be in its innermost 
position just commencing its outward movement, and is taken 
forward by it until the upright MN assumes the position indi- 
cated by the dotted line MN'; and it will easily be seen that 
as the top of the upright is moving back from M' to M whilst 
the bottom of the upright is moving forward from N to N', the 
centre of the upright H remains stationary at H', with the 
exception of a slight movement caused by the knife going 
further back than the hooks, and thus the stave remains up 
all the time. The character of the shed is, therefore, what 
is termed “ open shed ” — that is, if a stave is required up for 
several picks in succession, when it is lifted it remains up until 
it is required to come down again. This is what is meant by 
open shed ” as compared with centre shed,” the charac- 
teristic of which is that the lifted stave, instead of remaining 
up, is let down halfway every pick and taken up again if 
required. 

The method of dropping the hooks is as follows : — Two 
levers, S, T, of different shapes are employed for each pair 
of hooks ; these levers are centred on a rod, X. One of the 
levers, viz. T, is bent from the fulcrum to touch the bottom 
hook, and the lever S projects straight out from the fulcrum, 
and an upright needle 0 rests upon it, the top hook resting 
upon the upright needle. When the lever SY is lifted a little 
at Y it will drop the top hook, and when TY is lifted at Y it 
will drop the bottom hook. 

In a 16 shaft dobby the parts shown in the diagram are 
duplicated sixteen times — that is, there are sixteen uprights 
MN, each with two hooks, sixteen levers SY, sixteen like TY, 
and sixteen of other parts. The levers SY and TY are operated 
by lags pegged so as to lift the staves to give the re<Juired 
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pattern. These lags work round a cylinder or barrel, which 
is turned round the space of one lag every two picks inter- 
mittently. Each lag operates the hooks for two picks, one row 
of pegs operates the top hooks P,^and the other row of pegs 
the bottom hooks Q. The method of pegging the lags will 
be understood from Fig. 92, where two lags are shown with 
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the pegging for a two and two twill. Of course care must 
always be taken that the pegs are put opposite the proper 
levers, as when only a portion of the jacks are used, say eight, 
it is often preferred that the staves be connected to eight jacks 
in the middle of the machine. 

Double jacks are often preferred, as the cords connecting 
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the stave to the jacks are shorter and have a straight lift. This 
is shown at Fig. 93. The lever A is centred at C, and when 
either end of the upright MN is taken forward it lifts the lever 
A, which at the same time causes the lever B fo lift an equal 
distafice. Thus the stave gets a straight lift from both sides, 
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and there is less liability of the cords stretching, and •less 
vibration of the heald. 

The Keighley dobby is decidedly the most popular one 
at the present time, but wliat is known as the “ Blackburn ” 
dobby is preferred by some. This is a double-lift dobby, 
which gives a centre shed — that is, the staves which are 
required up for a number of picks in succession are let down 
halfway every pick and taken up again. The principle of this 
dobby is illustrated at Fig. 94. The staves are lifted by the 
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Fig. 94. 

two jacks A and B ; when B is lifted it causes A to lift the 
same distance. There are two hooks, D and F, for each 
double jack, and the lags are divided into two parts, all the 
odd numbered picks being fastened together, and the even 
picks forming another chain. The pegs in the lags press back 
the hooks, the back part of each of which forms a spring, so 
that when the hook is pressed back it leaves the stave down. 

The knives lift alternately. When one is going up the 
other is going down, and when one hook of a pair is lifted, 
as in the diagram, a lag operates the other hook, and if the 
same stave has to be lifted for the next pick, the hook fk left 
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ove/ the knife, and the second hook will be taken up whilst 
the stave is being let down, and will catch it halfway and take 
it up to the top again. This is the advantage of all double- 
lift machines over single-lift. The*" staves which are required 
up for a certain pick are being taken up whilst those which 
were up for the previous are coming down. A saving of time 
is thus effected, and the looms can be run quicker than with 
single-lift machines. The knives are worked from the bottom 
shaft, as shown in Fig. 95. 

Another thing to be borne in mind is that in a single-lift 
machine all the staves come to the bottom every pick, and 
therefore the character of the shed is different from that of a 

double-lift. In double-lift 
machines there are the “ open- 
shed ” like the Keighley 
dobby, and the ‘‘ centre shed " 
like the Blackburn dobby. It 
is important to remember 
these points, as the cover and 
appearance of the cloth is 
affected by the beating -up 




Fig. 95. 
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being done in different kinds of sheds. 

The loom crank is usually set at the top centre, or there- 
abouts, when the rising and falling staves are level, so that the 
shed will be partly open for the next pick by the time the loom 
crank gets to the front centre. In single-lift dobbies the beat- 
up is made when the shed is closed, and so the warp has not 
the same chance of being spread as with the timing of double- 
lift dobbies. This difference in the character of the shed 
when the beat-up is made is caused by the fact that in a 
double-lift machine the knives, being in the middle of their 
stroke, are moving at their quickest speed when the shed is 
close3, and in a smgl&-lift the knife is almost stationary 
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when the shed is closed. The same thing occurs in JacquafdSj 
and the matter may be better understood by a reference to the 
chapter on Jacquards. 

Bobbies can be made “ positive ” in various ways. Keighley 
dobbies are made with a pin fixed on the upright MN (Fig. 91) 
at the point H. A wnre is hooked on to this pin and connected 
L at the side of the loom opposite the dobby; 
this is connected to a lever at the bottom of the loom. By 
connecting the bottom of one stave to this lever the stave will 
be pulled down as the upright M N is taken forward, and so 
the knife whilst taken one stave up is pulling another down, 
rendering the dobby positive. This, of course, will only do 
for certain simple patterns, such as twills, satins, and similar 
weaves, and would not do for patterns where different numbers 
of staves are lifted every pick. Positive dobbies are not much 
used in the cotton trade. 

The ordinary form of dobby is non-positive, the stave being 
kept dowm by springs in some form or other. One reason 
which may be urged against ordinary springs, or “ jack boxes,’' 
is that the pull on the heald increases as the stave is lifted and 
the spring opened. It is obvious that this is just the reverse 
of what is required, as the stave is lifted positively, and the 
pull on it may therefore conveniently be decreased as it is 
lifted, and the healds would last longer. The use of the spring 
is to keep the stave down, and therefore it should exert its 
greatest force when the stave is at the bottom. A simple 
method of accomplishing this has long been in use. Some- 
thing on the same principle has been used on hand looms for 
generations, and very cheap and convenient undermotions of 
this kind have long been available for power looms ; but, 
strange to say, cotton manufacturers have been very slow at 
adopting them. An undermotion of this kind is illustrated at 
Fig. 96. The spring is fixed at A, and a wire hook connects 

K 
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the^spring with the quadrant at B. It will easily be seen that 
as the stave lifts, the direction of the pull of the spring is 
gradually moved over the centre of the quadrant at C. If the 
stave were lifted until the spring ^^as in a direct line from A 



Fig. 96. 


to C, the puli on the stave would be nil^ as all the force would 
be exerted on the fulcrum. Each stave is connected at both 
sides in the same manner, the springs and other parts are 
all arranged in a very compact manner, and the cost is very 
small. 



Another form of undermotion on the same principle is 
much used in Yorkshire in the woollen and worsted trades. 
This is illustrated at Fig. 97, and is known as Kenyoif s under- 
motion. In this the springs are arranged horizontally, and 
therefore longer springs can be used. The quadrant is 
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centred at C, and a strap is fast to the quadrant at D. The 
spring is connected with the quadrant at F. The strap passes 
from the quadrant under tlip bowl B, and thence to the stave. 
Another quadrant serves in the same manner for the opposite 
side. The spring is fastened to a bar at E, and as the stave is 
lifted, the pull of the spring is gradually moved over the centre 
C, and therefore the pull on the heald gradually decreases' as it 
is lifted. 



CHAPTER V 

MISCELLAI^EOUS 

When two or more pieces are woven in one width and after- 
wards cut or torn apart, if there are not a few leno ends to 
divide each piece the warp threads have nothing to stop them 
from coming out at the cut sides. In light fabrics this is a 
greater disadvantage than in heavy and finely picked ones, such 
as velvets, and therefore in the former it is usual to weave a 




few ends leno to keep the edge firm. There are various kinds 
of motions for effecting this object, one of the oldest being that 
illustrated at Figs. 98 and 99. This is for an ordinary plain 
loom, and the crossing end is taken through the back stave 
and through a loop from the top of the front stave. This loop 
is oft^n formed of a small fine pliable chain, as it wears longer 
than worsted. Fig. 98 shows the back stave lifted, and Fig. 99, 
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the front stave up, when it will be seen that the crossing end 
is brought up on the opposite side from the previous pick. 

Another, and perhaps better, method, is Shorrock and 
Taylods patent, shown at Figs. loo 
and 10 1. For a plain loom the 
two straps A and B are fastened to 
a drum on the top roller of the 
loom. In these straps are the small 
eyes C and D, and through these 
eyes the crossing ends are taken. 

The “standard” ends, round which 
C and D are crossed, are drawn 
through the fixed eyes EF, immedi- 
ately above the small bobbins MN. 

The straps pass round the bobbins 
and up to the elastics X, which are 
fastened to a hook, L, at the top of 
the loom. The top roller is rocked 
to and fro by the ordinary staves, 
and when rocked in the direction 
against the elastics the crossing 
threads are brought up inside as shown at Fig. loo, and as the 
roller rocks back the elastics pull the eyes C and D completely 
round the bobbins and take the crossing threads 
up the other side of the “ dummy ” or “ stan- 
dard ” ends, EF, The selvedge formed is thus 
like that shown at Fig. 102. 

There are many patents taken out every 
year for split motions, but the simple old 
forms still keep their place. 

Another invention of a totally different kind may be 
mentioned. In this, the weft is cut between the two cloths 
every pick as it is being woven, and the loose end is then 



Fig. 102. 
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turned round and taken into the cloth at the next pick, thus 
forming a practically perfect selvedge; indeed, it would be 
impossible for any one to find out the difference without being 
told or making a very close examination. For about half an 
inch at the inner side of the cloth there are double picks, but 
this is scarcely noticeable. The practical utility of this in- 
vention is yet to be proved, and one thing to militate against 
its general adoption is its cost, which is several pounds per 
loom, whereas some of the ordinary split motions cost only a 
few shillings per loom. With Jacquards or dobbies it is an 

easy matter to arrange an ordinary 
|0| p doup heald to form a split, but the 

arrangements before mentioned 
are used for plain looms, where it 
is not so easy to get the required 
lift. The twist used must be very 
strong, as no slackener is used. 
Usually it is a three- or four- or 
six-fold cotton thread. 

B Another kind of selvedge mo- 

Fig. 103. tion is that used for producing a 

’ plain selvedge on a loom weaving 

satteens with tappets. The fact of the ordinary satteen being 
five picks to the round, and a plain selvedge being a necessity, 
causes either the tappets to be made ten to the round, working 
the plain selvedges by tappets on the same shaft, or the selvedge 
ends must be worked from another shaft. In what is known as 
Smalley’s satteen motion the former principle is acted upon : 
the tappets are ten to the round, and the plain is worked from 
the same shaft. 

A more ordinary form is that shown at Fig. 103. A small 
tappet, A, is fitted on the bottom shaft (or picking shaft), and 
this acts upon a lever, B, to which the bottom of one set of 
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harness threads contaming, say, the odd-numbered ends of the 
plain is connected, the other, or even-numbered, ends of the 
plain being connected to the elastic E, the bowl F at the top 
being used for working round. When the tappet presses down 
the lever B, it will take half the plain ends 
down and the other half up, and the elastic 
will pull back again as the tappet allows it. 

In this way a plain selvedge is obtained in 
a five-shaft satteen. 

Another method of effecting the same 
purpose is shown at Fig. 104. A shaft A is 
placed under the loom, and this shaft is 
made to rock to and fro to work the mails B 
and C alternately up and down. The picking 
shaft of the loom has a crank M fastened to 
it, and a strap S is taken from this crank jriG. 104. 
to the small drum H on the shaft A, and is 
wrapped round it. As the crank M revolves it will pull the 
shaft A in one direction until the crank gets to the top, and 
when the crank has passed the top of its stroke the spring X 
will pull the shaft back to its original position, and thus the 
required reciprocating motion is given to the shaft A and to 
the mails B and C. 


Donhle-heat Slay. 

A double beat is sometimes required to be given to each 
pick of weft. This is done in weaving some of the heaviest 
kinds of sackings, carpets, and similar fabrics. Fig. 105 shows 
how this is effected. AB is the slay, and is movable about B 
as a centre; EC is in two pieces, viz. ED and DC, and these 
are fitted loosely on a pin at D. It will be obvious thlt when 
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the'crank occupies either position QP or QP', the slay will be 
at the front of its stroke) and as the crank is moving from P to^ 
M it will pull the slay back a little, and in moving from M to P 
a second beat-up will be made* \Vhilst the crank is moving 
from P' to P the shuttle is passed through the shed. It is 



obvious that a beat-up of this kind will enable the weft to be 
beaten well up into the cloth, and more to be put in than with a 
single beat. The force exerted is often so great that the looms 
have to be very firmly fastened into the floor on which they 
stand, or they would move. 



CHAPTER VI 

JACQUARD WEAVING 

The Jacquard machine was the invention of a Frenchman of 
that name, who exhibited the machine about the year 1800. It 
was introduced into this country about twenty years later. 
The chief advantage of the machine is that a large number of 
warp threads can be operated separately, and a larger figure 
be produced than with a shaft harness. The chief ideas in the 
machine are that each mail is connected separately to its hook, 
and the use of perforated cards to leave any hook over the 
grifFe if it is required to be lifted, or to push it away from it if 
the hook is required to be left down in the shed. 

The original Jacquard machine was a single-lift, and 
although many minor improvements have been made in it, the 
main features are practically the same to-day as in the earliest 
machines introduced into this country. At the present day the 
single-lift is comparatively little used in cotton manufacture 
owing to the increased speed at which double-lifts can be 
worked, but it is still preferred in silk manufacture for several 
reasons. One reason is that the character of the shed when 
beating up in a double-lift machine is essentially different to 
that produced by a hand-loom, where of course a single-lift is 
always used, and as hand-loom fabrics have a finer touch and 
appearance than power-loom fabrics, the object is to imitate 
the hand-loom production as nearly as possible. The cause 
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of this difference in the character of the shed when beating up 
will be explained later in this chapter. Another reason is 
that silk-looms could never be run^ at any speed higher than 
that of which a single-lift machine is capable, and therefore 
the advantage of increased speed of the double-lift is of no 
use. 

Double-lifts, owing to the counterpoise and the division of 
the work on to two knives, are undoubtedly steadier in work- 
ing, and this is an argument decidedly in their favour. Single- 
lifts are still used in the manufacture of figured lenos, as no 
shaking motion has yet been successfully adapted to enable the 

crossing ends to cross with a 
double-lift machine. 

£ A single-lift Jacquard for weav- 

' , ing a pattern which occupies 400 
' ends in a repeat consists of 400 
^ ’ hooks and 400 needles, with an 

extra row of eight hooks for sel- 
vedges, or other auxiliary use. 
The hooks are arranged in eight 
rows with 51 hooks in a row. A cross section of this Jacquard 
is shown at Fig. 106, where the uprights are the hooks and 
the horizontal wires the “needles.’' A is the “ needle board," 
and this is a perforated board through which the needles pass. 
The bottom needle B is twisted or looped round the back 
hook D, and the connection of the other needles and hooks 
is shown. At the back of each needle a small spring made 
of fine brass or steel wire is placed. These springs are held 
in position in the “spring-box" S. There are, therefore, 
408 springs required for the 408 needles. The hooks rest 
on the grate G, but in some makes of machine the grate is 
not used and the hooks rest upon a “bottom board." In this 
case the hooks are very liable to turn round, ^nd thus cause 
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annoyance. To prevent this, flat hooks have been used, and 
the needle loop was shaped so as not to permit the hook to turn 
within it. The eight knives form the griffe. These knives are 
all fastened together, and are moved up and down from the 
crank-shaft of the loom. The illustration shows the knives at 
the bottom of their stroke, and af this point, or immediately 
after the griffe begins to move upwards, the card on the per- 
forated cylinder E is pressed against the needles, and if there 
is a hole in the card, the needle directly opposite the hole will 
pass through it and into the perforation in the cylinder, and the 
knife will take up the hook to which this needle is connected. 
If the card is blank opposite any needle it will press back the 
hook, and as the knife lifts, the hook is left down. Thus it is 
possible to lift any of the 408 hooks in the machine for any 
pick. When the cylinder is taken away from the needles the 
hooks are forced back into their original position by the small 
springs in the spring-box S. 

It will be noticed that the knives are leaning a little, and the 
reason for this will be apparent, as if they were not leaning they 
would catch the tops of the hooks in coming down, and would 
break or bend them. The sloping position enables the knives 
in coming down to press back the tops of the hooks and so get 
under them, ready for the next card to be pressed against the 
needles. The knives should come down low enough to be 
quite clear of the hooks, and therefore in this machine there 
is a considerable dwell when the shed is closed. 

The harness for a straight-over pattern is mounted as shown 
at Fig. 107. In order to prevent confusion the connection of the 
cords to the machine is not shown, but the numbers on the line 
A represent the hooks in the machine to which the cords are to 
be attached* The “ comber-board” or “ cumber-board” B is 
a frame into which perforated slips are fitted. These slips are 
perforated to different degrees of fineness, the fineness being 
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regulated by the number of ends per inch required in the cloth 
to be woven. The lingoes, L, are metal weights, and serve the 
purpose of keeping the mails down. ^MM are the mails, through 
which the warp threads are drawn in the order shown by the 
numbers, beginning at the back left-hand corner. The draft 
in straight-over patterns is always taken in this way in Jacquard 
weaving, although it is not compulsory. The harness is built 



with linen thread, and the method of tieing the lingoes to the 
hooks will be understood from the diagram. 

When one lingoe has been connected to each of (say) 400 
hooks, the first pattern is complete. Supposing there are 100 
ends per inch, the pattern will occupy 4 inches, and therefore 
if cloth is required 28 inches wide in the harness, there must 
be seven lingoes attached to each hook, making seven patterns, 
or seven repeats of the pattern, in the width of cloth. Thus 


Jacqnard 

when one iingoe has been tied 
the first and ending with 
the 400th, another is con- 
nected to each hook, be- 
ginning again with the first ; 
and when this is done 
other patterns are formed 
in the same manner until 
the required number is 
complete. 

It is important to have 
a clear understanding as to 
which is the hook which 
lifts the first end in the 
draft. This hook is the one 
connected with the bottom 
needle in the last row on 
the 25-side of the machine. 

As we stated previously, a 
400s machine has 400 hooks 
arranged in 50 rows of 8, 
or 8 rows of 50 hooks, and 
in addition there is always 
a spare row of hooks, 
making 51 rows in all As 
it is necessary to lace the 
cards in the middle as well 
as at the sides, a space has 
to be allowed for the lace 
holes, and therefore the 
machine is divided into two 
parts by a space between 
the 26th and* 27 th rows. 
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A plan of a card is given at Fig. io8. The length of the 
card between the two peg holes A and B is nearly i4j inches, 
and the distance between the centre of the top needles and 
the bottom needles is i| inch exactly. This holds good 
for all English-made machines, but the American index is 
different. 

It will be seen that there are 26 rows on the rig/it of the 
machine and 25 rows on the left^ and one is called the “26- 
side” and the other the “25-side.” The cards are always 
numbered at the “26-side,” and the cutting is commenced at 
this end. It may be as well to explain here the order in which 
the holes are cut from the design, as it will assist in following 
the point paper design to the loom. The cutting is usually 
done in a “ piano ” cutting machine, which will be explained 
more fully later on. By this machine one row of eight holes 
can be cut by operating eight punches and pressing down the 
right-foot treadle of the machine. 

The number end of the card is gripped by the machine, 
and at the first stroke of the right foot, the lace holes EF and 
the peg hole A are cut, then one stroke of the treadle is made 
without cutting, and the pointer of the machine arrives at the 
ist or spare row. If the selvedges are worked from this row, 
holes are cut accordingly. Then the pointer comes to the 
2nd row, and in this row the cutting from the design is 
commenced. 

At Fig. 109 the design is made on point paper, as it is 
required to appear in the cloth right side up, with the twill in 
the ground running in the same direction as shown on the 
design. When cutting, the design is usually turned round, as 
shown at Fig. no, and the cutting commences from the top 
right-hand corner A. To show the matter clearly, the first 
row of holes cut are numbered, both in the design and the 
card, in consecutive order. 
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The first hole cut in the card is operated with the^little 



Fig. 109. 

finger of the right hand. Following this hole to the loom, we 
find it operates the last or 400/-^ end in the draft, and that 


87654321 



Fig. 1 10. 

the hole cut last on the card (numbered 400) operates Ihe first 
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end m the draft. This is the hole which operates the bottom 
needle in the last row on the “25-side” of the Jacquard 
machincj which, as was previously stated, is the hook from 
which the draft begins. * 

Following out the operation of cutting the card. When 
the 26th row has been cut, the lace holes MN (Fig. 108) are 
cut, and then the cutting is again straight-forward to the 50th 
row. The piano machine is so constructed that with the same 
stroke of the treadle which cuts the 51st row the peg hole D is 
also cut, and then follow^s a stroke without cutting, after which 
the two lace holes T and Y are cut. This makes 56 strokes of 
the foot for each card. 

It is usual, in order to economise space, for the Jacquards 
with straight, or “Norwich,” harnesses to be placed on the 
loom, so that on one loom the cards hang over the weaver’s 
head, and on the next the cards are at the back of the loom. 
In both cases the harnesses are built the same way, but in one 
case (cards over weaver’s head) the thread operated by the 
bottom needle on the “ 25-side” will be at the back of the 
comber-board, at the left hand ; and in the other case (cards 
behind loom) the same thread will be at the front of the 
comber-board at the right-hand side. 

As previously stated, the single-lift Jacquard for cotton 
weaving is not often employed except for special purposes, 
such as figured leno weaving. The advantage possessed by 
the double-lift Jacquard as regards speed is so very con- 
siderable that its adoption for ordinary forms of cotton weaving 
has become universal ; and the advantage of speed is not the 
only advantage it possesses, as will be pointed out shortly. 

A double-lift machine with one’ cylinder for a 400 end 
pattern consists of 800 hooks and 400 needles. Each needle 
is twisted or bent round two hooks, as shown at Fig. in. 
The hooks are connected together in twos by neck cords, 
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which are usually strong whipcord, as will be seen fronf the 
illustration. It will be seen that the bottom needle is bent 
round the back pair of hooks, the next needle round another 
pair, and so on. Each ne<!dle has a spring behind it, as in a 
single-lift machine. 

There are two grifFes, which work oppositely — that is, as 
one goes up the other comes down. The grifFes (or knives) 
are worked by a double crank on the bottom shaft of the loom, 
so that each grifFe moves 

from the bottom to top WUUllUUUU 

of its stroke in one pick, 

and from top to bottom ^ 

in another pick. ^^EEEEEEEEEEEEEEE^f 

The principle of the 
double-lift will be under- 
stood from Fig. 112 . 

One knife. A, is at the 
top, and the other knife, , 

B, is down. One hook nTii niTTY 7^ 
of the pair is lifted, and ! 1 \ \ 

therefore the ends in the I i 1 ! I 1 1 1 

mails connected to the 12 3 4 5 6 7 8 

neck cord at C will be Fig. hi. 

lifted. Suppose now it 

is required to lift the same ends of warp for the next pick : 
a card is pressed against the needles, and if there is a^hole in 
the card opposite the needle E, it will leave the needle and 
the hook N where they are, and as the knife B is lifted, the 
hook N will be taken up as the hook M is coming down. The 
hooks will cross at about the middle of their stroke, and the 
•weight of the ends and lingoes on the cord C will at that 
moment pass from the hook M to the hook N. In the diagram 
the cord attached to the hook N is slack, but when this •'hook 


L 
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is luted the cord will gradually tauten until it bears all the 
weight, when the cord from the hook M becomes slack. We 
thus have the ends for the second* pick lifted whilst the ends 
which were up for the previous pfck are coming down. This 
is where the advantage of the double lift lies. In a single 
lift the knife must lift the hooks up and then come down to the 
bottom before another card can operate the needles, whereas 
in a double lift the card for a second pick can be brought 
against the needles as soon as the ends 
which were up for the previous pick are 
ready to come down. 

It is obvious that in the position 
shown in Fig. 112, when one knife is up 
and the other down and the needle 
pressed back by the card, that the hook 
M will also be pressed back, as shown 
by the dotted line. The bend of the 
hook over the knife, therefore, must be 
sufficient to prevent the hook being 
pushed off the knife, and it will be noticed 
that the hooks in this class of machine 
are bent more than the hooks in a 
single-lift machine. The hooks rest on 
the grate G, Fig. in, and the shape of the hook at this point 
acts as a spring to straighten the lifted hooks after the pressure 
of the card has been taken off the needles. A machine of this 
kind can be run at a speed of about 160 or 170 picks a 
minute, as compared with the 130 or 140 picks of a single- 
lift. 

A double-lift machine on another principle is illustrated at 
Fig. 1 13. This is a two-cylinder machine, and to weave a 
pattern repeating on 400 ends this machine requires 800 hooks 
and Soo needles. The cylinders work at opposite sides. The 



Fig. 1 12. 
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hooks are placed as shown in the diagram, the hooked parts 

facing each other in pairs, and by following carefully the manner 

in which the needles are twisted round the hooks it will be seen 
« 

that there are really two single-lift machines placed together, 
alternate rows of hooks representing each machine. There are 
two griifes, as in the double-lift single-cylinder machine, and 
the griffes are worked in the same manner. 

The cylinders work alternately, the cards being laced in 
two sets, ail the odd num- 
bers being together in one 
set and the even numbers 
forming another set. Im- 
mediately one knife is at 
the top and the other at 
the bottom, one cylinder is 
pressed against the needles, 
and it will be noticed that 
the hooks which each 
cylinder operates have the 
hooked parts in the direc- 
tion of the cylinder. When 
the hooks operated by one 
cylinder are at the top the 
other cylinder is pressed 
against the needles, and 
thus the work done by one cylinder in Fig. in is divided 
between two in this machine. The advantage of this machine 
is in the lessened speed of the cylinders. The vibration caused 
by the cylinder working at a high speed in a single-cylinder 
machine is so great that the limit is reached at about 170 picks 
per minute, whereas a double-cylinder machine can be run 
up to 200 or*sometimes even more picks per minute, though 
perhaps 180 is a more advantageous speed. The top set of 
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needles project a little further through the needle board to 
compensate for the difference in leverage on the hooks. 

Besides the advantage of speed, double-lifts have an advan- 
tage in the counterpoise obtained by one set of hooks going up 
as the other comes down. This causes a more even motion 
and steadier working. Another advantage possessed by double- 
lifts is that the beating up of the weft is effected in a crossed 
shed, thus enabling more weft to be put in than in a single-lift, 
where the beat-up is done with a closed shed. This beating up 
in a crossed shed also spreads the warp better, and prevents the 
reed marks from showing, for the same reason as was given 
when referring to the spreading of the warp in the tappet loom. 

In silk weaving a single-lift machine has an advantage in 
imitating more closely hand-woven goods, as hand-loom 
weavers usually beat up in a closed shed. This causes the 
weft to be put in straighter — that is, less wavy, which is very 
desirable in silk fabrics. 

The cause of this difference in the shed when beating up in 
the two kinds of looms will be understood by following the 
relative positions of the griffes and the loom crank throughout 
its revolution. 

In a single lift the time allowed for opening and closing 
the shed must be used to the best advantage ; that is, as much 
time as possible must be given for this purpose. On this 
account it is necessary to pick the moment the slay is 
sufficiently far back to allow the shuttle to enter the shed — 
that is, when the slay is half-way back, or the crank at the 
bottom centre. The griffe is worked by a crank on the top 
shaft of the loom, and there is no actual dwell of the griffe or 
of the ends when the shed is open ; therefore the shed must be 
opened a little wider than would otherwise be necessary for 
allowing the shuttle to pass through. 

The shed must be sufficiently open to allow the shuttle to 
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enter when the loom crank is at the bottom centre. This 
regulates the timing of the^other parts. Fig. 114 will make this 
quite plain. The shed myst be nearly fully open when the 
crank is at the bottom centre to allow the shuttle to enter; 
and when the loom crank is at A the gritfe must be nearly at 
the top. When the crank is at B the griffe will be at the 
extreme top, and when the crank is at the top centre, or C, the 
griffe will be as near the bottom as it was to the top when the 
loom crank was at A. As was previously pointed out, the 
griffe must go further down than the hooks to allow another 
card to operate the needles, and therefore it is when the loom 
crank has arrived at C that the knife is leaving the hooks rest- 
ing on the grate, or bottom board. The griffe will be at the 



extreme bottom when the loom crank is at D, and when the 
griffe is up at the hooks again the crank is at the front centre, 
or E. Thus the shed has the fraction of a revolution between 
B and C to close in, and between E and B for opening. The 
shed remains closed for the quarter of a revolution, C to E. 

In a double-lift the warp is much more leniently dealt 
with. As we have said, the shed must be open for the shuttle 
to enter when the loom crank is at the bottom centre. There- 
fore the griffes should be in their extreme position — one up and 
one down — when the crank is at the bottom centre. 

The timing of the parts in a double-lift will be seen at Fig. 
1 15. The cranks that work the griffes are on the iffottom 
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shaft' .vhich of course makes a revolution every two_ picks. 
These cranks will be perpendicular when the shed is fully 
open ; therefore when the loom crai^s are at the bottom centre 
the cranks which drive the griffes must be in the position A . 

If they are so set they will be in the position CD when the 
loom crank reaches the back centre, and in the position EF, or 
horizontal, when the loom crank arrives at the top centre, when 
the shed will be closed. We have thus a closed shed when 
the crank is at the top centre, as in a single-lift j but in this 
case when the shed is closed the griffes are moving quickly, 
whereas we have a quarter of a revolution dwell after the loom 
crank reaches the top centre in a single-lift. This causes, as 
we shall see, a difference in the shed when the slay beats-up, 
or is at the front centre, men the griffe cranks are m the 
position GH, the loom crank will be at the front centre, and 
thus the shed will be partly opened for the next pick when the 

reed comes in contact with the cloth. 

Jacquards are made in various sizes. loos, 200s, 300s, 
400s, and 600s, are the most common. loos are arranged in 
rows of four ; 200s and 400s are in rows of eight ; 300s and 
600s in rows of twelve. 

There are two distinct kind of harness mounting, the 
London and Norwich systems. In the former the Jacquard is 
placed with the narrow end towards the front of the loom, thus 
Lsing the cards to faU at the side. In the Norwich 
system, or “tie,” the machine is placed with the broad side 
facing the front of the loom, thus causing the cards to hang 
either over the weaver’s head or at the back of the loom. On 
this system, as there are eight rows in a machine, by taking the 
comber board eight rows deep the harness becomes what is 
called a straight neck. With the London system, the end of 
the machine facing the weaver, there must be a twist in each 
pattern in the harness. There is not much to choose between 
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the two systems. Some prefer the London tie, as they say the 
twist ill the harness causes the harness threads to support each 
other, and so last longer. ^The Norwich system is the more 
common, especially in the cotton trade. 

Fig. 1 16 shows the method of tying up the harness on 
the Norwich system for a bordered fabric, such as handker- 
chiefs. In these goods it is usually preferred that both borders 
should point inwards, as in the sketches Figs. 116 and 117. 



The hooks to which the harness threads are attached are 
numbered on the line A, and it will be seen that the draft begins 
in the left-hand corner at the back of the comber-board, the 
lingoes being numbered in the order of the draft. The cords are 
tied up just as for an ordinary straight-over harness for the first 
400, or one full pattern of the machine, but then, instead of 
commencing with the first hook again, the aorst lingoe is tied 
to the 2oist hook, and the second half of the pattern is repeated. 
This forms the middle of the handkerchief, and it must be 
repeated over a sufficient number of times to give the required 
width of cloth after allowing for the trimming and border. In 
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Figs, ii6 and 117 nothing but a border and middle are shown, 
but sometimes a trimming of another small weave is required 
outside the border, and this, which is usually on a small number 
of hooks, is repeated over in the same way as the middle. In 
Fig. 1 18 only two repeats of the middle are shown; but 
supposing that the harness had 100 ends per inch, and that the 
handkerchief was required to be twenty-four inches wide exclud- 



Fig. 117. 


ing the border, there would be twelve repeats of the middle 
required. When the middle has been repeated over a sufficient 
number of times, the other border must be tied up, and to 
obtain the reverse position of the figure the draft must be 
reversed. By tying the next lingoe to the 200th hook, and 
going backwards with the draft, it can easily be seen that the 
same figure will be woven at this side of the harness as at the 
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opposite side ; the only difference will be that the figure point 
to the left, as will also the twill in the ground, if it is a twill. 
This system of tying up is^compulsory in the Norwich system, 
as it is usual to keep the harness straight — that is, the harness 
threads from each of the eight rows in the Jacquard each form 
a separate row in the comber-board. We have thus eight 
rows in the machine and eight rows deep in the comber- 
board, and it would not do to have a thread taken from the 



front of the comber-board at one border and from the back of 
the comber-board at the other border to the same hook. 

If the harness is a “London tie’’ it necessitates a half- 
turn in each pattern, as the machine is at right angles to the 
comber-board. Therefore the draft may be continuous, as 
shown at Fi^. 117, where, after the middle has been repeated 
a sufficient number of times, finishing with a thread f:rom the 
400th hook at the front of the comber-board, the next one is 
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taken from the 200th hook through the back of the comber- 
board, and the border will finish with a thread from the first 
hook going through a hole at the front of the board — ^just the 
reverse to the other side. 

Bordered goods are often made with two borders at each 
side, and sometimes the borders are repeated a few times. 
The number of hooks taken for the border and middle 
respectively vary according to requirements. Sometimes, in a 
400 machine, 300 will be taken for the border and 100 for the 
middle, and so on. The cross-border must of course be 
designed, 'and the cards cut. The number of cards in a set 
in these goods is often very large, as the middle must be 
repeated over the required number of times, and there will 
be as many cards used in the set as there are picks in the 
handkerchief. 

In designing for the mounting given at Fig. 117, the 
design would be made on 400 ends : 200 for the border 
and 200 for the middle, and the cards would be cut just 
in the ordinary manner. The cross-border would also be 
designed in such a manner as to harmonize with the side 
borders. The portion to be designed is enclosed by the dotted 
lines. 

Centre ties or point ties are another class of harness in 
regular use. This is really the two borders of a bordered 
harness joined together. Fig. 118 shows how the tying up is 
done for a pattern of this kind. The first 400 threads are 
connected as usual, the draft being from back to front. 
When the 400th has been reached, the draft is reversed until 
No. I is arrived at again. The same effect is obtained as in 
a point of V draft in a shaft harness. The pattern must be of 
such a character that one half is the exact reverse of the other. 
This kind of harness is used for weaving large damask figures, 
and it is obvious that the effect produced is really that of a figure 
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on 800 ends, or twice the size of the machine. Designs of* this 
character are of course rather stiff, but are suitable for damasks, 
and similar fabrics. 


CROSS-BORDER JACQUARDS. 

The object of a cross-border Jacquard is to save the 
expense of cards in handkerchiefs and other bordered goods. 
As pointed out previously, the portion of the handkerchief 
between the two cross-borders is usually repeated over for a con- 
siderable number of times, often from twelve to twenty times. 
This often means using a few thousand cards, which might be 



Fig. 1 19. 


saved if the border and middle cards could be laced separately 
and changed automatically. On the hand-loom it is usual for 
the weaver to change the cards by hand when required, sub- 
stituting the border for the middle cards and vice versa, but in 
the power-loom this is of course out of the question, and usually 
the total number of picks in the handkerchief have each a 
separate card.' The cross-border machine illustrated at Figs. 
1 1 9 and 1 20 is the invention of Messrs. Crossley and Davenport. 
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The 'machine is double-lift, as will be seen from the connection 
of the neck-cords. The border cards are put on one cylinder, 
B, and the middle cards on anothei;^, A. When the cylinder K 
presses back a needle, say the top needle C, it will press 
back the pair of hooks EF, as in an ordinaiy double-lift single- 
cylinder machine, and as long as this cylinder is worked every 
pick the machine is to all intents and purposes a double-lift 
single-cylinder machine. When this cylinder is stopped and 
the cylinder B is worked every pick, the cards on the cylinder 
B have exactly the same effect on the ends as those on cylinder 
A ; for when the top needle in this set of needles is pressed 



back, it will force backward the pair of hooks EF, exactly as 
operating needle C by the other cylinder did. Only one 
spring-box is used, as the upright wires MM pass through 
loops, P, in the long needles, and small iron bars, HH, act as 
fulcra for the wires MM. The tops of these wires are 
fastened to the short needles N, as indicated in the diagram, 
and thus when the needle N is pressed back it moves the 
needle C in the opposite direction and operates the hooks EF. 

The cylinders can be changed by pulling the cord L in 
Fig. /20, When the parts are in the position shown in this 
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illustration, the cylinder A will be pressed against the ne^ies 
every pick. The cylinders are driven from the crank shaft, 
the rod X goes to the crafik shaft, and a reciprocating motion 
is given to the L lever CD centred at E. The rocking lever 
FG is centred at K, and the reciprocating motion is transferred 
from CD to' FG. It will be seen that one end of the lever 
FG is in the diagram inside the bend in the slot on M, and 
the other end of the lever FG is in a position to move about 
its centre, K, without moving the cylinder B. Thus as the 
crank shaft of the loom revolves it will give motion to the 
cylinder A, but not to B. By pulling the cord L, however, 
the bend on the slot on N takes hold of the top of the rocking 
lever G, and at the same time, through the lever SR, Ivl is 
lifted, and the end F of the rocking lever moves freely in the 
slot without moving the cylinder A. The disadvantage of 
this motion is that the change is not made from the cards 
automatically, certainly not an impossible piece of mechanism 
to contrive. There are other cross-border motions, but this 
is only given as an example. 


DOUBLE-SHED JACQUARD. 

Double-shed Jacquards are used chiefly in weaving heavy 
goods where a very large and deep shuttle is required to hold 
a reasonable quantity of weft. The principle of this machine 
will be easily understood from Fig. 121. A is connected to 
the crank shaft of the loom and moves the end of the lever 
BC up and down, the fulcrum of the lever being at E. The 
bottom board or plate F is therefore moved up and down, 
and in doin^ so the griffe G is made to move oppositely, the 
bottom plate coming down as the griffe goes up, and vim versa. 
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This IS effected by the top levers PR and QS, which are 
centred at 0 . One end of the griffe is connected to Q, the 
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other end of the griffe is 
connected to P. This gives 
firmness and strength to the 
machine. These Jacquards are 
usually made very heavy, as 
they are chiefly for heavy work. 

Only a few hooks are 
shown as an example, but the 
machines can be made any size. 
When all the hooks are resting 
on the bottom board, which 
will be when the bottom plate 
is at the top of its stroke, the 
card is pressed against the 
needles and selects the hooks 
to be lifted in the usual manner, 
after which the griffe rises as 
the bottom board sinks. Thus 


an extra deep shed is produced without the griffe having so 
far to lift as would otherwise be the case. The shed produced 
is a centre shed, all the ends coming to the centre every pick. 


“OPEN-SHED’^ JACQUARD. 

Several open-shed Jacquards have been patented. p^That 
of Wilkinson’s is illustrated at Figs. 122 and 123. A and 
B are a pair of hooks, which are connected by a cord 
passing round a pulley, W. This pulley worksT on a pin at 
one eifd of the thin plate C, and at the other end of the plate 
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is another pulley, X. The neck cord E passes round'^this 
pulley to the bar D, to which it is fastened. It is obvious that 
when one hook of the pair is lifted, say, 4 inches, and the 
other is at the bottom, the pulley W will be lifted 2 inches i 
and as the cord E is fast to D, the harness threads will be 
lifted 4 inches, the same as the hook. 

If one hook of the pair is lifted and it is required to keep 
the same ends of warp up for the next 
picks, the hooks being connected round 
the pulley W, one hook going up as 
the other comes down will keep the 
harness cords stationary, and the 
hooks A and B can be lifted alter- 
nately one up, one down, without 
moving the cord E, which will all the 
time be keeping the warp ends up. 

The shed thus obtained is similar to 
that in a Keighley dobby ; the ends, 
when once they are lifted, stay in that 
position until they are required to 
come down. The principle can be 
applied to either double-lift single* 
cylinder or double-lift double-cylinder fig. 122. Fig. 123, 
machines. 

Another view of the pulleys is shown at Fig. 123, where the 
pulleys and other parts are lettered as in the previous figure. 
Each pair of hooks in the machine has these pulleys attached, 
and therefore it will be understood that the pulleys must be 
rather thin in order to enable them to be placed in a space 
equal to the size of the Jacquard machine. The advantage 
which a satisfactory machine on this principle would possess lies 
in the fact that the jerk which occurs in ordinary double-lifts 
when the weight is passing from one hook to another "hi each 
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pair is done away with. This jerk causes breakage of the neck 
cords, and many efforts to overcome the annoyance have been 
made. This principle of open shed may be applied to dobbies 
such as the Blackburn dobby. 


THE SPLIT Hx\RNESS. 


The split harness is an ingenious method of increasing the 
size of pattern which can be woven on a given Jacquard. 
What is termed a ‘‘ double-scale ” split harness consists of two 
adjacent lingoes being connected to each hook in the machine. 

Thus with a 400s machine there are 800 
‘ i 2| 3 4 mails in a pattern. A few lingoes are shown 

I / H I at Fig. 1 24 tied up in the manner of a double- 

/ / 1 1 \ scale harness. The connections to four 

1 / 1 \ hooks are shown. Underneath the comber- 

board a loop is made in the harness thread, 
and shafts SS, either wood or metal, are 
inserted through the loops in each row in 
the harness. These shafts are worked by the 
spare hooks in the machine, and in the places 
where the ends are left down by the Jacquard, 
the shafts, being lifted to- a given ground 
pattern, will weave the ends singly. In Fig. 
124 the shafts are shown lifted to weave a 
plain or tabby ground, every alternate one 
being lifted. Hooks No. i and No. 2 are 
lifted by the Jacquard, and hooks 3 and 4 are left down, and 
it will be seen that where the hooks are down, half the ends 
will be lifted by the shafts. The ends, when,, lifted by the 
Jacqugrd, cannot be woven separately with this harness, and 


Fig. 124, 
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therefore the bindings in the figure will show in twos, wliich, 
unless the harness is a fine one, has a tendency to make the 
cloth appear coarse. Satm or twill grounds may be woven. 
In fact, the ends left down by the Jacquard may be woven 
singly to any pattern which repeats on the number of shafts 
used, or into the number of rows which the harness is deep 
in the comber-board. Of course either the figure or the ground 
may be woven singly, according to the way the pattern is 
designed, but not both. 

In silk -weaving, harnesses are built on this principle to a 
threefold scale — that is, with three mails attached to each 
hook — and as in the double-scale a figure repeating on 800 
ends can be woven on a 400s machine, so with a threefold 
scale a 1200 figure can be woven on a 400s machine. In 
this case the bindings in the figure will be in threes, but the 
ground ends may be woven quite singly by the shafts. 

This principle is only adapted for very fine reeds in cotton 
goods, but is often used in silk manufacture, where 300 or 400 
threads per inch are not uncommon. 


THE PRESSURE HARNESS. 

The pressure harness was invented with the object of 
enabling very large figures to be woven on ordinary sized 
Jacquard machines. In very fine silk damasks— say, with 
about 400 threads per inch— a very large machine (or machines) 
is necessary to obtain a figure suitable for damask on the 
ordinary principle. The pressure harness overcomes this 
difficulty in a most ingenious manner. 

The methoS. originally used consisted in drawing a number 
of ends in each mail, and then drawing each end sepal-ately 


M 
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through a shaft in front of the harness. These shafts had long 
eyes, as shown in Fig. 125 ; in fact,^ the eyes are large enough 
to permit of the shed being openiid without their interfering 
with it. In Fig. 125 two of the Jacquard lingoes are shown, 
A, representing those lifted by the Jacquard, and B, those left 
down. There may be any number of ends in each mail, say 



Fig. 125. 


five. After being drawn through the Jacquard harness in 
fives, the ends are drawn singly through the shaft harness in 
front. These shafts are either worked by treadles or by a 
Jacquard. In the diagram they are shown worked in the 
latter manner. A small pulley is placed between the hooks 
and the shafts, and each shaft is connected to two hooks, a 
cord from one hook passing round the pulley to the other 
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hook. When both hooks are lifted, the shaft will be lifted to 
the top, like the shaft 13 when only one hook of the pair is 
lifted, the shaft wdll be '"taken np half way, like the shafts 
Nos. 2, 4, and 5 ; and when both hooks are left down, the 
shaft is left at the bottom, like the shaft No. 3 in the diagram. 
These shafts require to be worked by a machine with double 
the lift of the Jacquard machine behind them, as from bottom 
to top the lift is twice the size of the shed They may also be 
worked on the centre shed principle, one shaft going up and 
another one going down from the centre each pick. 

If one of these shafts is lifted to the top, like shaft No. i, 
it is obvious that it will take up one end out of every mail left 
down, and by lifting the shafts in satin order the ends left 
down by the Jacquard in fives would be woven singly five 
shaft satin. By leaving one shaft down every pick, the ends 
lifted by the Jacquard will be split up in the same manner. 
So that with one shaft at the top, one at the bottom, and the 
other three lifted half way, a figure repeating on 2000 ends can 
be woven on a 400s Jacquard, every end being woven singly in 
both the ground and the figure. Of course only simple weaves 
can be used, and the figure will move in steps round the edges. 
If it is required to weave an eight shaft weft satin figure on an 
eight shaft warp satin ground, eight shafts must be used instead 
of five. The ends may still remain five in a mail, as it is not 
necessary that the number of ends in each mail should be the 
same as the number of shafts used. These shafts are called 
pressure healds ; hence the name given to the harness. 

In designing for this class of harness the figure is put on 
point paper in simple colour, no binding dots being used, as 
the binding is all done by the pressure healds. The method 
of putting doiyn the plan for lifting the healds, and of devising 
a variety of weaves for pressure harness weaving, will found 
fully explained in Chapter X. 
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Another and better kind of pressure harness is illustrated 

at Fig. 126. Instead of healds with long eyes, two sets 

<? 



Fig. 126. 


without eyes are used^ but with a simple clasp in the middle. 
Fig. 126 shows the mounting for a five end satin figure 
on a five end satin ground, and two lingoes 
only of the Jacquard are shown, O representing 
the lifted hooks, and P the hooks left down. 

There may be five, six, eight, or more ends 
in each mail, and they are drawn singly into 
the pressure healds in front in the following 
manner : — There are two sets of healds with 
clasps, as shown at Fig. 127. Each end is dra^vn 
singly ovef‘ a clasp in the set A, and trnder a 
clasp in the set B. The clasps in the set A are 
Fig i'>7 bottom of the shed, and the clasps 

in B are fixed at the top of thje shed. By 
pullina. one of the set B down and lifting one of the set A 
every pick in satin order, the ends lifted in fives or sixes are 
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woven singly in warp satin, and the ends left down in fives 
or sixes are woven singly in weft satin. 

The method of operating the pressure healds in a hand 
loom is shown at Fig. 128. The shafts in set B are pulled 
down by lifting the end E of the levers EF, and the same on 
the other side. The shafts in the set A are lifted directly by 



Fig. 128. 


the hooks. The shafts are lifted by a few spare hooks in the 
Jacquard. Sometimes the Jacquards have three or four rows 
of extra hooks for this purpose, and these hooks are placed a 
little to one end of the machine, and a small separate cylinder 
is used. Tt^e cards for lifting or pulling the pressure healds 
are put on this cylinder, and the large cylinder carr;^ing the 
figure cards is only turned round once every few picks by 
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arranging the catches to do this. I’ne same card is thus 
brought against the needles several iimes in succession, and 
the smaller cylinder being turned e/ery pick, interweaves the 
threads in satin or the required order. This will form steps 
at the edges of the figure in the weft way as well as warp way, 
and is a considerable saving of cards. The weights M are to 
pull the healds B up, and the weights N to keep the healds 
A down. Springs may be used in their place, but weights are 
preferred in the hand loom. 

The mails used in the Jacquard harness are made with a 
separate hole for each end. Sometimes as many as twelve or 
sixteen ends are drawn in each mail, thus giving in the latter 
case a 6400 end figure from a 400s machine, so that with 300 
ends per inch the figure would measure over 20 inches wide. 


EDLESTON HARNESS. 

A method of weaving an 800 figure on a 400 double-lift 
machine has been patented by James Edleston, of Preston. 
This is a very useful and ingenious idea, as a floated figure 
can be formed, and the machine remains a double-lift, 
with all its advantages as regards speed. Certain limits are 
placed upon the weaves, which can be employed for the 
ground or for developing the figure, but sufficient scope is 
afforded for all practical purposes to make the invention a 
success. An illustration is given of this harness at Fig. 129. 
The inventor gives no drawing in his specification, but pre- 
sumably the illustration (Fig. 129) will represent his method; 
at least, it will effect the same object. One row of hooks of 
a 4ooSr double-lift single-cylinder machine are shown, and it 
will be noticed that the hooks are not joined together by a 
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neck cord as in the ord^inary machine, but the harness threads 
are taken singly from each hook as in a single-lift machine. 
The knives work as in a^ double-lift, one up, one down. By 
cutting the cards in a certain manner the whole of the 800 
hooks may be operated by the 400 needles so as to produce 
ordinary brocade or damask figures with a repeat of 800 ends. 
The same end cannot be 
lifted for two picks in suc- 
cession, as the knives have 
to move up and down and 
work oppositely ; but an 
end can be /^/ down any 
odd number of picks, and a 
figure can thus be formed. 
hx Fig. 130 the design for 
eight-end satin ground is 
given. It must be remem- 
bered that for eight ends 
there are only four needles, 
and therefore the lifting 
dots must be put on four 
ends on the point paper. 

By carefully comparing this 
design with the mounting 
of the harness, the principle 
will be quite clear. The design shows a dot on the first and 
fifth ends on the first pick, and therefore a hole will be cut in 
the card opposite the first and fifth needles. 

Suppose the griffe A to be lifted for the first pick, it will 
lift the first and ninth ends. The second card has holes 
opposite the second and sixth needles, and when the griffe B 
is lifted for the second pick, it will lift the fourth and twelfth 
ends in the warp or lingoes in the comber-board. Ae third 
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card has holes opposite the fourth and eighth needles, and as 
on the odd picks the griffe A lifts, it will lift the seventh and 
fifteenth ends in the warp. If thi/ is followed out it will be 
found that the ends are lifted in the order i 4? 7 2, 5 8, 3 6, 
or eight end satin is woven. Fig. 13 1 shows the method of 
putting the dots on point paper for four end twill (one and 
three). The principle is the same as in the preceding case, 
and is very simple when understood. 
A hole opposite the first needle on 
the first pick causes the first end to 
be lifted, and a hole opposite the 
same needle for the second pick 
causes the second end to be lifted. 
Any figure can be put upon the cloth, with the following limits 
as regards the bindings : firstly, an end cannot be lifted for two 
successive picks ; secondly, every end must be left down an 
odd number of picks. 

From this it will be seen that a five end satin cannot be 
woven, nor can a weft figure be put on a warp ground. Plain 
grounds can be woven, and cord grounds of various kinds are 
also suitable for the harness. 



Fig. 130. Fig. 


DAMASK OR TWILLING JACQUARDS. 

These Jacquards are now extensively used for weaving 
linen, damasks, and similar fabrics, and are used where 
pressure harnesses were formerly used. The pressure har- 
ness puts a great strain on the warp, and requires a longer 
distance between the cloth and the warp beam than is usually 
allowed for in power looms; therefore much ingenuity has 
been expended on these Jacquards with the view of obtaining 
a large design without using several ordinary Jacquards above 
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each loom, with toe accompanying great expense in cards and 
other attachments. 

The principle of damask attachments and twilling Jacquards 
is^ entirely diiferent to the principle of the pressure harness, and 
for fine silk fabrics which require a very large extent of pattern 
and woven on the hand loom, the pressure harness on the 
principle shown at Fig. 126 is not likely to be replaced. 

In the pressure harness a number of warp threads are 




placed in each mail, the number of threads varying from five 
to sixteen ; but in the twilling Jacquard only one end is drawn 
in each mail, and a separate hook is required for every end. 
The advantage comes in making each needle serve for 
several hooks and in making one card serve for several picks. 
One of the first inventoi's of this kind of Jacquard was 
Mr. Barcroft, of Newry, Ireland, and it has been improved 
since by him and others. The principle is illustrated at Figs. 
132 and 133. There may be any number of hooks to each 
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needle. In the illustration there aie three. The machine is 
necessarily a single-lift, the griife. goes up and down every 
pick. Only two needles are shcfwn, operating six hooks. 
When the top needle is pressed back it will press back the 
hooks I, 2, and 3, and 'when the bottom needle is pressed back 
it will press back the hooks 4, 5, and 6. These hooks are bent 
at the bottom as in the diagram, and a bar or rod A is passed 
through each row of hooks the full length of the machine. 
These bars A are lifted by the twilling hooks, shown in the 
diagram in dotted line. These hooks are placed at the sides 
of the machine : two hooks for each long row of the ordinary 
hooks, or one for each end of every bar, A. The blades of the 
griffe are movable about the centres EE, and at each end of 
the blades and immediately behind each twilling hook (dotted) 
there is a projecting piece, P, also shown in a dotted line in the 
diagram. 

Now, when the griffe is at the bottom, the blades are 
operated by a pegged barrel, and by turning the blades one at 
a time out of the way of the hooks as the blade M is turned, it 
is obvious that a whole row of hooks can be left down which 
would otherwise be lifted. 

Turning the blade has also another effect. On the front of 
the blade at each end, as previously pointed out, is a projecting 
piece, P, and when the blade is turned, this projection pushes 
the twilling hook in front of it (dotted) on to the next blade of 
the griffe, and the twilling hook is lifted. The bottom of the 
twilling hook is fastened to the end of a bar, A, and the bar is 
lifted, thus lifting a whole row of hooks which would otherwise 
be left down. In this manner it is obvious that by operating 
the blades of the griffe in regular order, the figure can be woven 
warp twill and the ground weft twill, or vies verst. At Fig. 133 
the ppsition of the six hooks is shown after the griffe is lifted. 
It will be seen that the blank opposite the top needle pressed 
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the first, second, and thirc* hooks back, and they would all 
three have been left down but for the bar A being lifted. The 
hole opposite the bottom xieedle leaves the fourth, fifth, and 
sixth hooks over the griffe, and they would ail have been lifted 
but for the blade M being turned, which also caused the bar A 
to be lifted. It will be obvious that the twill must repeat on 
the number of bars A, or on the number of rows of hooks, in 
the machine, exactly as in a split harness the ground weave 
must repeat on the number of shafts or rods used under the 
comber board. In these machines, as in the pressure harness, 
the same card is pressed against the needles two, three, or more 
times in succession, so as to give a great extent of pattern with 
a small number of cards. The number of times a card is 
pressed against the needles depends on the number of hooks 
there are to each needle, and on the relative amount of warp 
and weft in the fabric. If there are three hooks to a needle 
and the same number of picks as ends per inch, the card 
should be used three times in succession, but sometimes there 
are more picks per inch than ends, in which case each card 
should be used oftener ; and sometimes, as in silk damasks, 
there are 400 or more warp threads per inch and 100 picks, and 
supposing there were eight threads in a mail, it would make a 
step of eight ends in the warp ; therefore, to make the steps in 
the weft balance it would be necessary to bring the same card 
against the needles only twice in succession. 

Fig. 134 is another arrangement for weaving damask. 
It is called a damask attachment, and was patented by 
Tschorner and Wein a few years ago. Its construction differs 
from ordinary twilling Jacquards, but the principle is much the 
same. 

Each needle is twisted round several hooks, and the knives 
are operated separately by cams at the side of the machine. 
The illustration shows one of the knives left down, leaving down 
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a row of hooks which would in tha ordinary course have been 
lifted, and one of the bottom lifters is taking up a row of 
hooks which would in the ordinal^ course have been left down. 

The foregoing are the chief kinds of Jacquards and har- 
nesses (except lenos) attached thereto, but there are many com- 



Fig. 134. 


binations of shaft and Jacquard or mail harness which need not 
be mentioned in a book of this size. We may mention a 
system, sometimes called half harness, in which only half the 
ends are drawn through the Jacquard harness, and the other 
half through shafts in front or behind. A double-sized figure 
may thus be formed. 



CHAPTER VII 

LEm WEAVING 


The word “ leno ’’ has latterly become a general term given to 
all classes of cross weaving. Originally it had a different 
meaning to gauze, but the word is now often applied to gauze 
as well as other fabrics woven with doups. A pure gauze 
fabric is one in which the crossing thread is brought up on one 
side of a standard end, and up the other side of the standard 
end on the next pick. Fig. 135 shows how the threads are 
interlaced in gauze weaving. It will be 
seen that the weave repeats every two 
picks. The crossing end, and the end 
round which it crosses, must be placed 
in one dent, and if an end is made to 
cross round a number of ends they Fig. 135. 

must all be in the same dent or split 
in the reed, as it is very obvious that an end cannot be made 
to cross into another dent with the ordinary doup heald. 

The end is made to cross from one side to the other by 
means of a doup heald. These healds consist of an ordinary 
heald with an extra half, generally called a “ loose half or 
slip. The method of knitting the doup heald will be under- 
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stood from Fig. 136. It is obvious that when the doup is 


lifted at A, the end contained in the doup will be lifted up on 
the right-hand side of the end E. In order to bring the same 
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end up on the left-hand side of E, Ihe ends are drawn through 
the liealds, as shown at Fig, 13^. There are two ordinary 
staves, and the ends are drawn^ through them as for plain 
cloth with two staves. Then the end which is drawn through 
the first stave is crossed under the end which is drawn through 
the second stave, and is then drawn through the doup in the 
manner shown at Fig. 136. When the doup is lifted it will 
lift the crossing end A up on the right-hand side of the. 
standard end B ; but in order to do this easily the end must be 



Fig. 136. Fig. 137. 


slackened. This is done by taking all the crossing ends A from 
the warp beam over a slackening rod or vibrator, R ; the other 
ends of the w^arp B are taken over the back rest in the ordinary 
manner. The slackener is usually in the form of a lever, one 
end of which can be lifted by the dobby or whatever shedding 
motion is used, and when the dobby lifts one end of the lever 
the rod is moved downward, thus slackening the warp which is 
drawn over the rod. Whenever the doup is lifted the crossing 
warp must be slackened, or it would cause the standard end B 
to be lifted, as it is crossed under it. In this manner when the 



Lem Weavmg 175 

doiip is lifted the doup e^d is brought up on the right of the 
end B. In order to bring the same end up on the left of B, it 
is necessary to lift the first stave and the loose half of the doup. 
The first stave naturally takes the end up on the left-hand side 
of B, but it is necessary to lift the loose half in order to let the 
end go up on that side. It is usual to show the doup by a 
double line in the draft, the front line always representing the 
loose half. The pegging plan or lifting plan for the healds is 
for leno fabrics not usually shown on point paper, although it 
may be, just as easily as any other way. The usual way is to 
rule horizontal lines representing the staves and perpendicular 
lines representing the picks, and to put a / on the shafts to be 
lifted for each pick. It is easy to do this by continuing the 
lines which represent the shaft in the draft, and to make the 
pegging plan on the same lines by the side of the draft, as in 
Fig. 137. The two perpendicular lines one and two represent 
the picks, and the marks on the first pick are on the loose half, 
the doup, and the slackener j therefore all these will have to be 
lifted. (It is usual to peg the dobby to lift the loose half along 
with the doup to take the strain off the healds.) On the second 
pick the marks are on the loose half and the first stave, there- 
fore these must be lifted for the second pick. 

With the same draft as in Fig. 137, a considerable variety 
of patterns can be made of a style known as crossover lenos. 
This style consists in weaving a number of picks plain, and 
then making a cross with the end. At Fig. 138 the design 
draft and pegging plan are given for a “ five and one ’’ crossover 
leno. From the design it will be seen that the doup is required 
to be lifted for the first pick, and the first stave and loose half 
for the second pick, the second stave for the third pick, and so 
on. This lifting is shown in the pegging plan at the right of 
the draft, where* on the first pick marks are put on the doup and 
loose half the slackener, and on the second pick on the^oose 
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half and first stave, and so on. Th^e are in this pattern six 
picks to the round. The appearance of the cloth will be a bar 
of five picks plain, and then a clank or open space, in the 



middle of which is a 
single pick ; the crack is 
caused by the crossing of 
the ends. 

In gauzes and fabrics 
of this description, a thin 
open fabric in which the 
ends will not fray or slide 
is the object. The nature 
of the weave enables a 
firmer fabric to be ob- 
tained with a smaller num- 


ber of ends and picks per inch than in ordinary weaving where 
the threads are not crossed. 


Another and quite distinct effect is produced with doups. 
This is commonly called lace ” or net, and is often combined 
with gauze or other “ open leno 
effect in stripes known as “ lace 
and leno stripes.” This lace effect 
is produced by making a thick end 
form a zigzag on the plain ground. 
The interlacing of the threads in a 
simple lace or net stripe is shown 
at Fig. 139. A thick end, A, is 
brought up first on one side and 
Fig. 139. then on the other side of two plain 

or nearly plain ends, B and C. 
There are ten picks to the round, and by the side of this 
dent there is another thick end twisting in the 'opposite direc- 
tion, first up one side, and then up the other of two more 




Lem Weaving 177 

. * 

plain or nearly plain ends!^ Each thick end comes up for two 
picks at one side and ihei/ crosses under and comes up on the 
other side after an interval of three picks, and vice versa. The 
marks represent the ends lifted. By the side of the lace there 
are two plain ends shown, which represent the unlimited 
number of ends used for the ground of the fabric. In w^eaving 
this pattern the draft and pegging given at Fig. 140 would be 
used. By carefully following the design with the draft and 
pegging plan the principle will be easily mastered. The arrange- 
ment of the shafts is rather important. The doup is placed in 





front, the ground staves next, and the leno or net staves next* 
It is immaterial whether the crossing ends be taken through the 
first stave of the three used for the leno, or the back one — some 
prefer one way, some another — but it is necessary to get the 
leno staves as far back as possible to give the thread a better 
chance of crossing. Four staves are taken for the plain, as in 
ordinary weaving, to prevent overcrowding. The lifting marks 
on the pegging plan will be easily followed if the one in 
Fig. 138 was understood. Where the fifth stave is lifted the 
loose half is lifted also, and both thick threads come up <Jb the 


N 
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inside. WTiere the doup is lifted slackener is lifted also, 
and the ends are brought up on the outside as on the sixth 
and seventh picks. More will be -said on the arrangement of 
shafts in the chapter dealing with designs for leno. The 
explanations on the structure of the fabrics at this point are 
only for the purpose of enabling the requirements of the looms 
for weaving them to be understood. Some manufacturers 
prefer to work with the doups at the top of the loom, especially 
in weaving net lenos. In this case the crossing end is crossed 
over the others and slipped downwards. 

It used to be considered that gauze and lenos could not be 
woven on double-lift machines. In other places than Lanca- 
shire this idea prevails to-day to a great extent, but of course 
this is a great mistake. The simpler kinds of lenos, such as 
pure gauze and crossovers, are sometimes woven on tappets, 
which are, of course, double-lift. The tappets are of the 
ordinary kind, drawn on the same principle as described earlier 
in this book ; but the tappet which operates the standard ends 
is made to lift the staves halfway when the doup end is 
crossing. Tappets of this kind have been used for some time 
past, and it is not surprising that the same principle should be 
applied to double-lift dobbies. Instead of drawing the tappets 
to lift the standard ends half way or a little way to enable the 
ends to cross easier, the easing motion usually employed for 
dobbies is often used, and the tappets are of the ordinary 
kind. 

In a double-lift dobby the healds begin to lift for one pick 
when the healds which are up for the previous pick begin to 
come down. In the case of Fig. 137, when the doup is lifted 
for the first pick and begins tocome down, the same end is 
being taken up the other side of B by the stave No. i being 
lifted. If the end B were not moved it would very soon be 
broken by the crossing end being made to act in this saw-like 
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ixianner upon it. It is necessary, therefore, to lift the end B 
about halfway up at the moment the crossing end begins to 
come down and to pass to the other side of B. If the end A 
has not to cross for the next pick, it would not be necessary to 
lift the end B at all. In a single-lift machine the doup will get 
to the bottom before the first stave begins to rise, and therefore 
there would be no difficulty in the end crossing. In a double- 
lift dob by the staves containing the ends round which the doup 
thread crosses are lifted partly 
up every pick by a lever worked 
from the crank arm of the 
loom. This easing motion or 
‘‘ shaker” is shown at Fig. 141. 

AB is the crank-arm, and the 
upright CD is connected to the 
crank-arm at C, and to a lever 
ED at D. EG is another lever 
on the rod E, and the healds 
which are to be lifted half way 
are connected to this lever at 
G, as well as to the jacks in the 
dobby. As the crank revolves 
the oscillation of the crank arm 
imparts a similar movement to 
the lever ED, and to the staves 
which are connected to EG. This motion commences Just at 
the proper time. Of course, when the crank-arm is lifting the 
healds, the cords connecting these healds to the dobby will be 
slack, as indicated at Fig. 141. By thus lifting the standard 
healds, the crossing is greatly facilitated. 

This easing motion is not required where there is no cross- 
ing of the end immediately, as, for instance, in Fig. 1^9, the 
doup end after being brought up on one side is never required 
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up on the other side on the pick immediately succeeding, there- 
fore the end has time to get down^ before being lifted on the 
other side and an easing motion is not required. 

The method of slackening the warp when the doup lifts is 
shown at Fig. 142. This diagram shows a two-doup arrange- 
men. For gauze and similar weaves it is not necessary to 
have a separate beam for the crossing warp, as one end pulls 

the other and the take-up is 
about the same ; but for net 
lenos or laces after the manner 
of the fabric in Fig. 139 it is 
necessary to have the crossing 
ends on a separate beam, as a 
great deal more in length of 
this warp is required than for 
the plain. Sometimes several 
beams are used, the only limit 
being the number which can be 
placed in a given space. 

At Fig. 142 the crossing 
warp from the bottom beam is taken over the slackening rod 
A, and over the carrier E, The crossing warp from the top 
beam is taken under the slackening rod B. A moves about a 
centre D, and B moves about a centre C. 

The slackener B is connected to a jack in the dobby by the 
cord L, and the slackener A is connected to another jack by 
the cord M, When either L or M is lifted, the warp over its 
rod will be slackened. 
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FULL CROSS LENO. 

A full cross may be made by taking the doup completely 
round the standard end, as in Fig. 

143, and alternately lifting the doup 
and the other end. This is a much 
more difficult weave than ordinary 
leno, and is not much used, although 
it gives a very pleasing effect when 
woven with thick yarns. The weave 
repeats on two picks as in gauze, 
but it is necessary to use very strong 
twist in order to bear the strain and friction unavoidable in 
this crossing. 



THE LENO JACQUARD. 


Where figures are required to be thrown up on a leno ground 
a Jacquard mounting is required. It is possible to weave a 


plain figure on a gauze ground with an 
ordinary Jacquard harness and an ordi- 
nary doup stave in front, but this can 
only be done on a pure gauze ground — 
that is, one end crossing one. A plain 
figure on a ground of this kind does not 
afford a sufficiently powerful contrast to 
the ground. It is necessary in order to 
produce a really efficient contrast to have 
two ends crossing two and ’weaving 



separately in the plain. A fabric of this kind is one of the 
most beautiful of all fabrics, and is remarkably cheap and 
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serviceable in wear. The method of, producing a plain figure 
on a gauze ground with one doup^ in front of any ordinary 
Jacquard harness is illustrated at Fig. 144- The ends are drawn 

through the Jacquard as 



Fig. 145. 


usual, and are then taken 
in pairs and one crossed 
under the other, the cross- 
ing end being taken through 
the doup, as shown in the 
diagram. The crossing end 
in each pair is marked A. 
We can now see how either 
plain or gauze can be 
woven at will. The doup 
is lifted for the first pick, 
and this brings all the ends 
A up at the right hand side 
of ends B (see first pick). 
In the first two dents the 
ends A are lifted again by 
the harness, and the loose 
half of the doup being lifted 
will enable the ends A to 
cross to the left side of 
the ends B. The doup 
is lifted for the third pick, 
and it is obvious that this 
will weave gauze with the 
first two dents. After the 


doup is lifted, if the end B is lifted on the next pick, it will 
cause plain to be woven, as will be seen froin the diagram, 
where the third and fourth dents are weaving plain when the 
first and second dents are weaving gauze, and vice versa. 
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A proper leno harness is illustrated at Fig. 145, If is 
obviously impossible with the arrangement given at Fig. 144 to 
weave a leno with two ends crossing two in conjunction with 
plain, as there would require to be two ends in each eye in the 
doup, and as the doup is lifted every other pick, it is im- 
possible to change to plain from the leno. To obtain a 
figured leno of this description, each dent must have a doup to 
itself, and the doups must be lifted by the hooks. At Fig. 145 
the arrangement of the harness is shown. The machine is a 
single lift, and in order to obtain a 400 end figure 600 hooks 
are required. These are arranged in twelve rows, the two front 
rows being used for the doup harness, 
the two back rows for the slackening 
harness, and the eight middle rows for 
the ground or figure harness. For the 
600 hooks only 500 needles are used, 
the doup hook and its slackening hook 
being connected with the same needle. 

The top and bottom needles are used for 
the doups and slackeners, as shown in 
the diagram, and the eight middle rows 
of needles for the ground or figure 
harness. The method of drawing the warp through the har- 
ness is shown at Fig. 146. The two crossing ends are drawn 
through the slackening harness, and ail the ends are drawn 
through the ground harness. It is immaterial whether the 
draft is from back to front or front to back ; some manufac- 
turers of these goods draw the ends from front to back. Of 
course, this must be borne in mind in designing and cutting 
the cards. After being drawn through the ground harness the 
two crossing ends are crossed under the other two and drawn 
through a doup. The mails in the doup lingoes are specially 
made to allow the thread from the slip to pass through and 
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baSk again. The shaft A (Fig. 145/ is the slip or loose half, 
and serves for all the doups. The /Rails in the slackening har- 
ness are placed lower down than the other warp, and these 
mails hang between two rods, B and C, which are called the 
“bridge.” Sometimes only one rod is used, and this serves 
equally well 

A better shed is formed by only lifting the slackening 
hooks half as much as the other hooks, and therefore a special 
device is required for giving only half the lift 
to these hooks. In the illustration. Fig. 145, 
there are two griffes, E and H, and the griffe 
E is connected to the lever GK at a point, O, 
about midway between the fulcrum G and the 
point where the griffe H is connected to the 
lever. The fulcrum G is movable in a slot 
made for that purpose, so that the lift of E 
can be altered a little if desired. When the 
griffe H is lifted in the ordinary manner, it 
is obvious that the griffe E will only be lifted 
about half way. 

The usual method of obtaining the half-lift, 
'which this invention is intended to supplant, 
^ ^ is illustrated at Fig. 147. This method was in- 
Fig. 147. vented by the late Mr. Tootal Broadhurst, and 
has been in regular use a long time. Each of 
the slackening hooks lifts a lever CP, centred at C, the slacken- 
ing harness is tied to these levers about midway between C and 
P, and thus the mails are lifted only about half as much as 
die hooks. Of course, in this case all the hooks in the machine 
are lifted by one griffe, and therefore the slackening hooks are 
lifted as far as the others. 

This method serves its purpose very well, but if any altera- 
tion it required in the lift of the slackening harness all the 
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levers have to be gone through and altered separately, whereas 
in the Devoge machine the lift can be regulated to a nicety by 
moving the fulcrum G and the point O. The slackening har- 
ness should be placed from nine inches to a foot behind the 
ground harness. 

The wire M, in Fig. 145, is for lifting the shaft A, which is 
required to be lifted every pick. The advantage of using only 
one needle for the doup and slackening hooks is that it pre- 
vents the possibility of the slackener being missed when the 
doup lifts, as well as being a saving in cards. 

By lifting the crossing ends with the ground harness for two 
or more picks, followed by lifting the same ends in the doup 
harness for a similar number of picks, an open leno fabric is 




Fig. 149. 


produced, and a plain figure can be woven by lifting the ground 
harness plain, or a floated figure can be formed exactly as with 
an ordinary Jacquard. 

The usual method of putting the design on point paper for 
these Jacquards is illustrated at Fig. 148. In the plan eight 
ends of leno are shown with four picks in a shed ; and eight 
ends of plain, of which the figure is usually formed, are shown. 
The design on point paper for this would be as given in Fig, 
149. Ordinary 8x8 paper is used, although there are ten 
rows of needles. The card-cutter cuts the black squares 
opposite the ground harness needle, and where the circles come, 
he cuts so as to lift the doup in the next dent. Thus in the 
first four cards for Fig. 149, the card-cutter would cut opposite 
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the third and fourth needles in the ground harness, and oppo- 
site the doup needle for the next fo^Ir ends. The plain would 
be cut in the ordinary manner opposite the ground harness 
needles. A larger design for this harness will be found in 
Chapter X. 

Double-lift Jacquards are not yet used beyond the experi- 
mental form, as the shaking cannot be done as easily as in a 
dobby with shafts, but we have heard of the thing being done 
by knotting the harness above the comber board and lifting 
the board a little when the cross is being made, Messrs. 
Eccles, of Preston, some years ago obtained a patent for lifting 
the standard ends by means of a third knife or griffe. The 
additional knife was given half the lift of the other two, and its 
function was to lift the standard ends half way when the doup 
ends were crossing to the other side. This would, no doubt, 
enable the cross to be made with ease in a double-lift Jacquard, 
but the principle is not likely to be a great success. 

The doups in leno Jacquards are very liable to wear out 
unless made of very good material, and some experience is 
necessary before the harnesses are worked satisfactorily. 

An imitation of the fabric usually woven on this harness is 
sometimes made by making one end cross three ends in the 
leno, and weave plain in the figure. This can be done with an 
ordinary harness with a doup heald in front lifted every other 
pick, on the same principle as in Fig. 144. 



CHAPTER VIII 

TERRY ZOOMS— CARD CUTTING — ZA FRETS 

Terry looms are extensively used in the cotton trade, chiefly 
for weaving towels, but often for striped dress and similar 
fabrics where terry or loop pile is combined with other weaves. 
The loops can be formed either on one side or both sides of 
the fabric, but the loop formed in these looms is not to be 
compared with real loop pile woven over wires, as the loops 
cannot be formed with the same regularity. There are 
numerous terry motions, as they are called, most loom makers 
having their own speciality. Fig. 150 is the design 
for a good terry cloth. It will be noticed that the “ J 

second and fourth ends are the reverse of each ■“IMH 

other : one is up for four picks and down for one, 
and the other is down for four picks and up for 
one, whilst the other two ends are nearly plain. The first 
and third ends form the ground, and the second and fourth 
ends the pile or loops. There are five picks to the round. 

The ground warp is on a separate beam to the pile warp, 
the latter having a special tension to let olf the required 
quantity to form the pile. At the second pick in the pattern, 
just where the pile warp is bound, the reed is made to beat 
further up than on the two preceding picks, thus forming a 
pile by sending one half the pile ends to the face and the other 
half to the back. The reed beats up to the front for the 
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second, third, and fourth picks in the pattern, as given at 
Fig. 150, following which the reed^is held back for two picks. 
Fig. 15 1 is a good motion for making the reed occupy the two 
positions when beating up. P represents the slay, and a 
lever, A, centred at D, is so constructed 
1 that when A is pulled down the reed is 

- pushed forward. The rod R is connected 

Ci 2 Af,'KARM ^ 

Ad p to a lever, M, on a shaft, N, placed under 
the loom. A rocking motion is given to 
^ this shaft by a box cam, P, five to the 

round (Fig 152), so shaped as to lift and 
depress the lever QS for the required 
number of picks. This cam is driven 
I from the picking shaft. By pulling the 

downwards the reed is moved 

N 

forwards, and the rod will have to be kept 
down for three picks and moved up for 
two picks, so as to keep the reed in its front position for three 
picks and a little way back for two. The effect required is 
really to lengthen the crank-arm at will, and the principle of 
the knuckle joint may be used in its simplest form — that is, by 

having the crank-arm jointed in the 
S ^ middle and fixed a little out of a 

Uw/ ] Q straight line, and by straightening 

^ the arm when the front position of 

N 

the slay is required. 

Fig. 152. ^ 

The real loop pile is woven 

over wires. The wires can be inserted and pulled out auto- 
matically by a powder-loom, but the richest kind of pile is woven 
on the hand-loom. The structure of the fabric is shown at 
Fig. 153. The pile end is brought up over a wire every two 
picks, and when the wire is pulled out the loops form a springy 
pile, which can be made to give beautiful effects in dress 


Fig. 152. 
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goods. The principle is also used in Brussels carpets, and 
similar goods. Where fi|\red fabrics are required on this 
principle, it is necessary to have each pile end on a separate 
bobbin and weighted separately at the back of the loom, 
as the take-up of each end would vary so much in the 
figure. 

With cut pile the wires are either grooved, as at Fig. 154, 
or each wire has a knife at the end, as at Fig. 155, and when 



Fig. 153. Fig. 154. 

the wire is pulled out it cuts the pile. The best pile is formed 
by the grooved wires, as the cutting wires are apt to drag the 
pile. When cut pile is being made, about four or five wires 
are constantly in the cloth, for, if the wire were pulled out 
immediately, the pile ends would fall away from the cloth. 

In recent years, looms have been made to weave two 
pieces of plush (which is a long cut pile, rather longer than 


^ 

Fig. 155. Fig. 156. 

velvet pile) in one loom, one piece above the other, after the 
manner shown at Fig. 156. The principle is not used in cotton 
manufacture, although it has been tried. It is chiefly used 
for silk plush. 
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CARD CUTTING. 

The cards are usually cut from the design on a machine 
called a “ piano ” card-cutter. This machine consists of a 
punch-box (Fig. 157), containing thirteen punches, twelve for 
cutting the smaller holes and one for cutting the peg holes in 
the cards. There are eight “keys” behind the punch-box, 
each of which has a small spring round it to spring it back to 
its original position when the finger is taken off it. These 
eight keys are used for cutting the eight rows of holes in a 
400’s card, and for 6oo’s cards, with twelve rows of holes, the 



four punches in front are used. The two punches in front 
at the right hand are operated by the thumb on that hand, 
and the eleventh and twelfth are operated by the thumb on 
the left hand. The eight keys behind are governed by the 
four fingers on each hand. Fig. 158 shows the effect of 
pushing in one of the keys. The key is pushed over the 
punch K, and as an up-and-dowm motion is given to the whole 
punch-box by means of two treadles operated by the card- 
cutte?s feet, the punches that are locked will cut holes in the 
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card. Where the keys are not pressed (see Fig. 159) they do* not 
act upon the punches, and^he card is left blank accordingly. 

The card is clipped at the numbered end by a clip on the 
“ carriage.” This carriage recedes with the card for a space of 
one row of holes every time the left treadle is pressed down. 
The method of cutting the cards has already been explained 
with Figs. 1 08-1 10. 

If several sets of cards of the same pattern are required, 
a repeating machine is used. In the hand repeater the 




cards are made to leave punches in a plate where there are 
holes in the card, and the plate is then taken to a repeating 
press, where any number of cards can be cut like the first by 
applying pressure to the plate, which is done by passing it 
under a roller or wheel. 

Some repeating machines are capable of repeating direct 
from one set of cards to the other, at the rate of thirty or forty 
cards per minute. The cards may be laced blank, and kept in 
stock ready for use when required, which is a great advantage. 
The machine is built on the Jacquard principle, and the punches 
required to cut are fastened, whilst those which are not required 
to cut are taken out of the way of the card. 

These machines are rather costly, but in large fancy weaving 
establishments they soon repay their cost. 
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LAPPETS. 

Lappet figures are formed by giving a horizontal motion to 
a thick end, and making it interweave in the manner shown at 
Fig. i6o. The system has long been used in hand-looms, 
and it is now extensively used in power-looms, especially in 
Scotland. The figures are usually produced with a very thick 
end upon a fine muslin ground, and the advantage it possesses 
over figuring with extra weft is that the figuring material does 
not require cutting off every pick, and 
therefore there is not the same amount 
of waste, and in addition the figures 
are more firmly bound into the cloth. 
Only small solid spot figures can be 
woven, as the figuring thread cannot 
be bound between the extreme edges 
of the figure. This is 'the chief dis- 
advantage of the principle, and it is 
not to be compared with swivels for the purpose of producing 
intricate designs. In swivel weaving each figuring thread is 
placed in a small shuttle, which receives a horizontal motion 
by means of a rack. The small shuttles can be lifted out of, 
and dropped into, the warp, so as to allow the figuring thread 
to be passed through the shed where the spot is formed, and 
therefore twill or satin, and shaded effects, can be formed in 
the spot. In lappet weaving the floats cannot be bound in the 
middle. 

The chief advantage of lappet weaving is that it can easily 
and satisfactorily be applied to a power-loom. Swivels have 
been applied to power-looms, but not yet with entirely satis- 
factorp results, taking into consideration the question of cost. 
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The principle of the lappet power loom will be understood 
from Fig. 161. In front cT the slay cap the needle rack A is 
placed, the ends restirjg in the slots BB, and this is moved 
downwards by the hook C being lifted by the treadle F at the 
side of the loom. The figuring threads are taken from a 
separate beam through the needles in the rack, and it will thus 
be seen that when the rack is pulled down the figuring threads 
will be at the bottom of the shed. When the treadle F is 



forced down, the springs PP puli the rack back to its topmost 
position, and when in this position the rack is pulled to the 
left by pressing down the treadle D, the distance which the 
rack can be moved being regulated by the size of the groove in 
the lappet wheel at that point. 

The lappet wheel G is a wheel with ratchet teeth, and is 
turned one tootlf at a time. The groove in the wheel is so 
shaped that the rack can be pulled sideways a greater or less 

o 
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distance as desired, to form a spot or figure. The pin N fits in 
the groove, and when the treadle r is pressed down the rack 
is pulled to the left as far as the groove will allow, when the 
spring S gives way until the treadle reaches the bottom of its 
stroke. When the treadle is released the spring K pulls back 
the rack and treadle as far as the groove in the wheel will 
allow it. The spring K is much weaker than S, so that when 
the treadle D is pressed down the spring K gives way the 
first. 

The needle rack being in front of the ordinary reed, a 
“ false reed is required to guide the shuttle across the shed. 
This false reed M is placed immediately behind the shuttle race, 
and it is lifted every pick when the shuttle is going across, and 
dropped to make room for the proper reed to beat up. The 
treadle E is used for operating the false reed ; the connection is 

shown in the diagram, and when 
the treadle is pressed down the 
reed is lifted. 

At Fig. 162 a section is given 
showing how the needle rack 
receives a lateral as well as a perpendicular motion. The slay- 
cap is cut square, and the cover C works loosely upon it. The 
needle rack A is pulled down against the spring S, and the 
cover is pulled sideways by the bar attached to the cover at O, 
carrying the needle rack along with it. 

The treadles are operated by tappets, and those operating 
treadles E and F must do so every pick, whilst the treadle D 
only requires to be pressed down once every two picks, because 
the spring K pulls the needle rack to the right. The tappets 
are shown at Fig. 163, where it will be seen that when the 
treadle E is down, F is up, and the rack will be dropped and 
the false reed lifted; and when thetreadle FIs pressed down 
— letling the rack be pulled up by the springs, the treadle D 



Fig. 162. Fig. 163. 
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IS pressed down, which pulls the rack to the left as far as the 
groove in the wheel will ahow it to move. 
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acts upon a lever, MN, centred at P, and the bent arm of the 
lever N pushes the hook C on to the treadle F when the spot 
figure is being formed, and when there is no figuring going on 
the hook is pulled out of the way of the treadle, and so the 
motion of the rack is stopped. 

The pattern is formed by the groove in the lappet wheel 
(Fig. 165), and in drawing this the wheel 
is divided into as many teeth as there 
are picks in the pattern. The wheel is 
usually made of hard wood, and after 
being smoothed off a number of circles 
are described, the distance between each 
being equal to one dent in the reed. 
Suppose the pattern is a continuous one, 
as at Fig. 166, the picks shown on paper 
being in addition to the ground picks. 
In drawing a wheel for this pattern the 
number of teeth required will be twenty- 
four, as there are this number of picks in 
the pattern. 

The pattern extends to seven dents, 
and as the pin N (Fig. 165) occupies 
four dents, it will be necessary to have 
eleven spaces, each equal to a dent, in the 
groove. The first pick in the pattern 
floats over two dents or four ends, and 
therefore the groove at this point must be six spaces wide — 
four for the pin, and two for the space it has to move through. 
Before the next movement of the rack, the wheel will have 
been turned one tooth, and at this point the groove moves one 
space further to the left. For the third pick both sides of the 
groove are moved one space to the left, and"^ the size of the 
float will remain the same as in the second pick, but it will 



Fig. 166. 


Terry Looms — Card Cutting — Lappets 197 

float over different ends. The groove gradually gets wider 
until the tenth pick is reached, when it narrows down again 
until it repeats on the twenty-fourth pick. 

If there are two spots set ‘‘ one and one ” in the pattern, 
the wheel requires one tooth more than the picks in a repeat, 
in consequence of changing from one spot to the other. 



CHAPTER IX 

THE PRINCIPLES OF DESIGNING 

The simplest form of interlacing the threads is the plain or 
tabby weave. In this weave the threads intersect as often as 
possible, and thus the greatest possible amount of firmness 
and strength is obtained from a given quantity of material by 
this weave, with the exception of leno or cross weaving, where 
additional firmness and strength is obtained by the warp 
threads being partly twisted round each other in weaving. 
Plain cloths may be ornamented by using threads of different 
colours and of different thicknesses, as, for instance, if four 
picks of blue and four picks of white are alternately put into a 
cloth, the warp of which is composed of four ends blue and 
four ends white alternately, a check is formed although the 
weave is quite plain. A check may also be formed on a plain 
cloth by using one or more thick threads at intervals in both 
warp and weft. 

There is, of course, a limit to the number of threads of a 
certain count which can be put into a plain cloth. Assuming 
that the counts of w^arp and weft are equal, and that the 
number of picks per inch required is the same as the ends, the 
number of threads per inch which can be satisfactorily put 
into the cloth would not much exceed half the ^number which 
could be placed side by side in one inch. 'Some allowance 
must Te made for the threads being bent out of a straight line 
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' * 
and for compression. This branch of design will be treated 

of more fully in a subsequent chapter, but it will be obvious 

that this limit to the number of threads of a given count which 

can be used in a plain cloth renders the weave unsuitable for 

heavy fabrics. If a plain cloth is very heavy and thick, it 

must of necessity be coarse. 

Plain cloth can be made by using two shafts, but four are 



Fig. 167. Fig. 168. 


usually taken with the draft, as shown at Fig. 167. This 
prevents overcrowding the healds. By tying the first and 
second together and the third and fourth together, the effect 
is the same as by using only two staves, only two lifts being 
required. 

Twills.— The simplest twill is the “ 2 and i ’’ twill, which 
is woven with three shafts. A section through this twill is 



Fig. 169. Fig. 170. 


given at Fig. 168, where it will be seen the weft passes under 
one end and over two. The structure of the fabric is better 
shown on ‘‘point paper,” as at Fig. 169. The spaces between 
the perpendicular lines represent the warp threads or “ ends, 
and the spaces between the horizontal lines represent the weft 
threads or “ picks.” By filling in the first square on the first 
pick, it is shown that the first end is lifted for th&t pick ; 
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anS by filling in the second end on the second pick, it is 
shown that the second end is lifted on* the second pick, and 
so on. It is not always advisable to take a fiiied-in square as 
representing a lifted end, as it is often more convenient to fill 
in the weft squares or those which are left down in weaving. 
If necessary, it can be stated along with the design whether 
the marks represent warp or weft up. 

Twilled weaves enable a larger number of threads of a 
given count to be put into a fabric than in a plain cloth, and 
therefore these 'weaves are employed in the production of the 
heavier kinds of cloths where closeness of the threads is also 


desired. 

With three staves the twill given at Fig. 169 is the only one 
which can be w’’oven. The same twill may be woven with the 

warp predominating on the face, and this would be 

m represented on paper as at Fig. 171, where two ends 
^ are showm to be lifted on each of the three picks. 

In weaving this pattern three staves w^ould be 
taken with the draft, as given for Fig. 169 (see Fig. 170). The 
first stave will be lifted for the first pick, the second stave for the 
second pick, and the third stave for the third pick. These three 
lifts being repeated over an indefinite number of times will 
produce small diagonal lines running at an angle of 45 degrees 
across the piece, if the number of w'arp and weft threads in a 
given space are equal. This twill is sometimes called a 
“ Jean,” and is used in the production of a fabric of that name, 
as well as in “Jeannettes,” the latter with warp predominating 
on the face of the cloth. In all these fabrics a large range of 
qualities is made. 

With four staves the following twills can be made : — 

1. One up, three down; 

2. Two up, two down ; 

3. <rhree up, one down. 
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These are shown on point paper at Figs. 172, 173, and 174 
respectively. The third pattern is really the same as the first, 
being the reverse of that pattern. It is advisable, however, 



Fig. 172. Fig. 173. Fig. 174. 


to consider them as two distinct patterns, since they give 
different effects when used for purposes of combination, as will 
be seen later. 

Five-shaft Twills. — With five shafts of staves the possible 
twills are — 

T. One up, four down; 

2. Two up, three down; 

3. Three up, two down ; 

4. Four up, one down ; 

5. Two up, one down, one up, one down ; 

6. Two down, one up, one down, one up. 

These are shown on point paper at Figs. 175 to 180 



Fig. 175. Fig. 176. Fig. 177. Fig. 178. Fig. 179. Fig. 180. 


inclusive. There are really only three different methods of 
interlacing the threads in these six patterns; but, as stated 
previously, different effects are produced in combination twills 
by all of them. 

Six-shaft Twills. — ^With the increase in the number of 
shafts the number of twills increases very quickly, as ^ith a 
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** repeat” of six ends the following simple twill can be 
woven : — 

1. One upj five down ; 

2. Two up, four down ; 

3. Three up, three down ; 

4. Four up, two down ; 

5. Five up, one down ; 

6. Three up, one down, one up, one down ; 

7. Three down, one up, one down, one up ; 

8. Two up, two down, one up, one down ; 

9. Two down, two up, one down, one up. 

There are here five distinct methods of intersection, the 
remaining four patterns being reverses. The patterns are 
shown on point paper at Figs. 181 to 189. 



Fig. 181. Fig. 182. Fig. 183. Fig. 184. Fig. 185. 



Fig. 186. Fig. 187. Fig. 188. Fig. 189. 


Eight-shaft Twills. — With a “repeat” of eight ends 
and picks the number of changes which can be made in the 
basis of the twill is much larger, and as the size of the repeat 
increases the possible twills increase enormously, A selection 
of eight-end twills is given at Figs. 190 to 199 inclusive. 

Satin Weaves. — In simple twills every pick is interlaced 
with the warp in the same manner, but each successive pick 
commences, as it were, one end further to the right or to the 
left, ttius enabling every end to be bound into the cloth in 
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regular order. In satins the picks are arranged differently. 
The object in a satin cloth is to obtain an even surface, free 
from the bold lines of a twill; and thus it is necessary to 
distribute the points of intersection of the warp and weft as 
evenly over the surface of the fabric as possible. 

The commonest form of satin is the five shaft, and this can 
be w^oven with five shafts with a straight draft lifted in the 



Fig. 190. Fig. 191. Fig. 192. Fig. 193. Fig. 194. 



order i, 3, 5, 2, 4. The relation between this satin and a 
five-end twill is shown at Fig. 175, wliere it will be seen that 
on the second pick of the satin the third end is lifted, on the 
third pick the fifth end is lifted, then the second is lifted, and 
lastly the fourth. This distribution of the points of intersection 
produces a satin. A slight twill effect 
is given by most of these weaves, 
but it is nothing like so decided as 
where the adjacent ends are lifted on 
successive picks, as in twilled cloths. 

The direction of the twill in the satin at Fig. 200 is from 
right to left. 

This five-shaft satin weave is used with weft preponderating 
over warp, and also the reverse. Immense quantities of cloth 


Fig, 200. 
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are made on both principles, and in all qualities. A regular 
make with weft predominating is made with about 72 ends per 
inch of 32’s twist, and picks ranging from 100 to 200 per inch 
of 40’s weft. A finer make is used in large quantities for 
printing upon. This cloth counts about 26 enda^ X 45 picks 
per quarter-inch, and the yarns used are 6o’s twist, 70’s weft. 
These are two of the standard makes of satins, but for special 
purposes all qualities are made in cotton. 

With the warp predominating a cheaper fabric is produced, 
as less time is required to weave a given length. “ Drills ” are 
woven on this principle, the proportion of warp to weft being 
about two to one, 

Satins may be produced on any number of shafts from five 
upwards. Fig. 201 is commonly called a four-shaft satin, but 
this is better classed as a broken twill. The prin- 
ciple of its structure is essentially different to that 
of a true satin. 

Fig. 201. A simple method of making a satin weave on 
any number of ends is to find the first number 
which is not a measure of the number of staves used, and take 
this as the basis of constructing the satin, as follows : The first 
number which is not a measure of five is 2. Then, taking 
' this as the basis of the satin, assuming that the first stave is 
lifted for the first pick, the third stave must be lifted for the 
second pick. This gives the number of ends to be “ skipped ” 
over, and thus we can obtain the satin by skipping over one 
each time, viz, i, 3, 5, 2, 4. 

It is advisable to put the numbers in a line or in a circle, 
and re-arrange them underneath. 

The order of lifting the staves for an eight-end satin can be 
obtained as follows : — ^The first number which is not a measure 
of eight is 3. Then, taking this as the basis,* we lift the first 
stave for the first pick and the fourth stave for the second pick, 




The Principles of Designing 205 

% 

and ‘‘skipping'^ over two each time we get the order, i, 
4, 7 , 5 , 3j This is shown on point paper at Fig, 


202. 

A six-stave satin is irregular. It is impossible to form a 
satin with six staves by “ skipping ” over a regular number of 
staves each pick, but the points of intersection can be separated 



and a satisfactory satin formed by lifting the staves in the order, 
I, 3, 5, 2, 6, 4, or I, 4, 2, 6, 3, 5. These are shown on point 
paper at Figs. 203 and 204. 

^'A six-end satin weave is extremely useful, as it takes rather 
more material than a five, and its irregular appearance is an 
advantage for some purposes. 

Fig. 205 is a seven-end satin. 



Fig. 205. 



Fig. 206 is a ten-end satin. Three is the first number 
which is not a measure of ten, therefore three is taken as a basis 
in constructing the satin, and the fourth stave is lifted for the 
second pick, and the others in regular order. 

Fig. 207 is a twelve-end satin. The basis in this case is 
five, as five is the first number which is not a measure of 
twelve. 
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* Combined Twills. — A useful class of pattern is obtained 
by combining pick and pick two simple twills. If two eight- 
end twills are combined in this manner, a pattern repeating on 
eight ends and sixteen picks is produced. At Fig. 208 a “three 
and five plain” twill is combined with a “three, two, one, two,” 
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Fig. 208. 


twill, and different effects may be obtained by combining the 
same twills in all the possible positions. 

Figs. 209 to 215 show the effect produced by all the 
changes in the relative position of the two twills. An immense 
number of patterns can be made on this principle, as all the 
simple twills may be combined in every position, and in each 
case a different pattern results. 

On six ends we have seen that nine simple twills can be 
made, and as each may be combined with the others in six 
different positions, the number of patterns which can be 
obtained from this system of combination is as follows : — Fig. 
1 81 combined with each of the others in one position each 
gives eight patterns, and as there are six positions in which 
they can be combined, this gives forty-eight patterns. Fig. 182 
combined with Figs. 183 to 189 gives seven patterns, and these 
in six positions give forty-two patterns. Fig. 183 combined 
with Figs. 184 to 189 gives six patterns, and in 'the six positions 
give fhirty-six patterns. By going through all the changes in 
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* • 
this manner we get successively 48, 42, 36, 30, 24, iS, 12, and 

6, or a total of 216 patterns. In addition to these, each twill 
may be combined pick and pick with itself in four different 
positions without giving double picks. 



Fig. 209. Fig. 210. Fig. 21 i. Fig. 212. 



Drafting,— The arrangement of the draft is a very im- 
portant matter in connection with dobby or tappet weaving. 
In the case of simple twills, satins, and other regular weaves, 
as each end, or warp thread, in the design is required to be 
lifted differently, a separate stave is required for each end in 
the design, but in some patterns this is not the case. 

Fig. 216 is a stripe design composed of twenty ends of five- 
shaft satin and sixteen ends plain. The least number of shafts 
on which this C6uld be woven is seven, five for the satin and 
two for the plain. The number of picks to the round, ■\)r the 
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number of picks on which the pattern repeats is ten, ten being 
the least common multiple of two and five. The draft may 
be shown either by ruling lines to represent the staves as at 
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Fig. 2i8. Fig. 219. 


The term "pegging” refers, of course, to the dobby loom; if 
the design is woven on a tappet loom, “ tappet-plan ” would be 
a mor6 correct term to use. 
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When two weaves which consist of different arrangements 
of the same ends are combined in stripe form, the same shafts 



Fig. 220. 

will do for both weaves. Fig. 220 illustrates this principle. 
In the design there are sixteen ends of an eight-end twill, “ 2 



up 2 down, I up I down, i up i down,” and sixteen ends of a 
mixed effect, which is simply a re-arrangement of the ends of 
the twill. Each of the 
ends in the crape or 
mixed weave can be 
drawn through the 
same stave as one of 
the ends in the twill, 
as will be seen from 
the draft (Fig. 221) 
given with this design, 
and thus the whole 
design can be woven with eight staves. If the staves are lifted 
to form the twill with the first sixteen ends, the different order 
of drawing the ends in the second part of the draft causes the 
desired change in the pattern. The pegging or lifting^plan. 
(Fig. 222) will therefore he the first eight ends of the twill. 
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One of the most useful principles of drafting is the V draft, 
or point draft. Fig. 223 is a design based upon this principle ; 



Fig. 224. Fig. 225. 


the design is repeated twice over in order to show the effect 
better, and it will be seen that the basis of the pattern is a four 



and four” twill. The 
first eight ends are drawn 
from right to left, and by 
reversing the draft, as in 
Fig. 224, the pattern is 
made to repeat on four- 
teen ends. The pegging 


Fig. 226. 


FxG. 227. 


Fig. 22S. 


plan (Fig. 225) will be the first eight ends^and picks of the 
desifii. The first and eighth staves have each only one end 
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Fig. 229. 



Fig. 2J0. 
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out of the fourteen drawn through them, whilst all the other 

staves have two ends in each 
pattern. The number on each 
stave could be made equal by 
making the pattern repeat on 
sixteen ends and reversing the 
draft from the ninth stave, with 
an eight-end twill basis. 

The V draft is used in a 
great variety of forms. It is 
not only in stripes that it is 
used. It is very often em- 
ployed in W'Caving all-over spot effects and diamond patterns. 
Fig. 226 shows the principle applied to an all-over design. 




Fig. 232. 

The draft (Fig. 227) is given, showing how the ends are drawn 
through the thirteen staves required to weave the pattern, and 
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the “pegging plan” (Fig. 228) shows the order of lifting the 
staves. 

A very effective method of employing this draft is illustrated 
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Fig. 233. 

at Fig. 229. This is a stripe design, and the general appearance 
would lead one to suppose that a larger number of staves are 



Fig. 234. 


Fig. 235. 


required to weave it than the eighteen actually required. Fig. 
230 is the draft and Fig. 231 the pegging plan for this design. 

Another class of pattern produced by the V draft 4 s the 
“ diaper” style. Fig. 232 is a small design of this kind, and it 
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* 

will be noticed that the draft (Fig. 233) plays a very important 
part ill increasing the size of the pattern. The draft given 
shows how the pattern would be made on nineteen staves. 

It is not always advisable to draft a pattern to its lowest 



Fig. 236. 


number of staves, as it is not worth while saving one or two 
staves at the expense of an irregular draft. 

E^ce Checks. — Fig. 234 is a simple dice check pattern. 
Alternate squares of warp and weft twill form the check effect, 
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and it is necessary to arrange the bindings so as to cross each 
other at the edges of the squares, as otherwise the ends would 
“ slip.” Fancy dice patterns are produced by employing squares 
of different dimensions. Fig. 235 is a pattern of this descrip- 
tion. The bindings are here those of an eight-end satin. To 
obtain the crossing of the binding dots at the edges of the 
squares it is necessary to run the satin in opposite directions 
in the warp and weft squares. 

A still more fancy dice effect is given at Fig. 236. The 
bindings are on the five-end satin basis, and the blocks of warp 
and weft satin are arranged so that the design repeats on fifty 



B'ig. 237. Fig. 238. 


ends and picks. It is necessary in this class of binding to 
commence the satin in the position indicated in the design. 
By a judicious arrangement of the warp and weft blocks a largtj 
variety of patterns can be produced. The principle is exten- 
sively employed in the production of fabrics for both the home 
and shipping trades. 

Barley corn ” patterns are a related style. The structure 
of these cloths is shown at Figs. 237 and 238. The former 
pattern is manufactured on an extensive scale, as it is a fiibric 
in regular use for making-up purposes. Fig. 238 has the w*eft 
square rather larger than the warp, and is usually made in 
rather a better l^^an Fig. 237, In fine makes the size of 

the squares is often increased. 
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"Patterns produced by Re-arrangements of Twills.— 
If the ends of any twill be re-arranged in some regular order, 
another pattern of a different character is produced. For 
example, by re-arranging the eight-end twill given at Fig. 239 in 



Fig. 239. Fig. 240. Fig. 241. Fig. 242. ■ 


“ satin order ” the effect at Fig. 240 is produced. The method 
of re-arrangement is to take the first end of the twill design and 
place it in the first place in the re-arrangement. The fourth 
end of the twill is then placed in the second end of the re- 



Twill. Re-arrangement. Twill. Re-arrangement. 


Fig. 243. Fig. 244. Fig. 245. Fig. 246. 



Twill, Re-arrangement. Tw'ill. Re-arrangement. 

Fig. 247. Fig. 24S. Fig. 249. Fig. 250. 


arrangement, the seventh end of the twill in the third place, 
and so on, the satin order used being i 4, 7 2, 5 8, 3 6. 
Fig. 241 re-arranged in this manner gives the effect at Fig. 242, 
and, ifs will be seen from the remainbg figures (Figs. 243-250), 
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the effects produced by the re-arrangement are all good service- 
able effects which are useful for a great many purposes. With 



Fig. 257. Fig. 258. 

larger twills the effects produced are more elaborate and varied, 
and the principle is distinctly useful for the production of new 
woven effects. 
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‘Combined twills may also be re-arranged in this manner for 
the production of new effects. Figs. 251 and 253 are two five- 
end combined twills, and the effect produced by re-arranging 



Fig. 259. Fig. 260. 


the ends in five-end satin order is shown at Figs. 252 and 254, 
respectively. 

Fig. 255 is an eight-end combined twill, and Fig. 256 shows 



Fig. 261. Fig. 262. 


the effect produced by its re-arrangement in eight-end satin 
order. 

Fig. 257 is a twelve-end combined twill, and when re- 
arranged in twelve-end satin order Fig. 258 is produced. 

The effects produced by re-arrangement in satin order are, 



as a rule, mixed effects of a less decided character than the 
original twill. There are many other useful systems of drafting 
or re-arranging patterns. 

Fig? 260 is the re-arrangement of Fig. 259 in the order i 2, 
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6 7, 3 4, 8 I, S 6, 2 3, 7 8, 4 5. This is a regular draft obtained 
by skipping three shafts between each two ends. Another draft 
is obtained by skipping one end between each two ends drawn 

through the healds. 

Fig. 262 is obtained by re-arranging Fig. 261 in the order of 
the draft i 2, 4 5, 7 8, 2 3, and so on, the draft repeating on 
sixteen ends. 

Another useful draft (Fig. 265) as a basis for re-arrangement 
is the one employed in producing Fig. 264 from Fig. 263. 'Fhe 
order of the draft is shown along with the design ; the order 
runs, 2 T, 3 2, 4 3, and so on, repeating on sixteen ends. 

Some novel effects are obtained by re-arranging the ends of 



Fig. 266. 



Fig. 267. 


a sixteen-end twill in the order i 4? 7 5 S, 3 9 ^5 ^^3 

13 16, II 14. The effect of this system is shown at Fig. 267, 
which is the result of re-arranging Fig. 266 in the above order. 
The system is of course applicable to other twills than those 
on sixteen ends. 

Twills combined to form Square Patterns.— 
Simple twills may be combined to fonn “square” patterns 
by taking alternate picks of each. If two eight-end twills are 
combined in this manner only four picks of each twill will be 
used in the combination. The principle will be understood 
from Fig. 268. 
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‘This is a pattern composed of alternate picks of two ten- 
end twills making an effect repeating on ten ends and ten 
picks. The effect given by re-arranging this in satin order is 
shown at Fig. 269. 

Fig. 270 is a twelve-end pattern made on the same principle, 



Fig. 26S. 




Fig. 269. 


Fig. 270. 


and if this is re-arranged in satin order, another effect is 
obtained 

Fig. 271 is a sixteen-thread pattern, and when re-arranged 
this produces the rather peculiar pattern Fig. 272. 

- 4 n immense variety of useful weaves may be obtained 




Fig. 272. 

on this system of combination, the effects being perhaps more 
useful than when the patterns occupy twice as many picks as 
ends. 

Unequal Twills combined. — Some useful fancy effects 
are obtained by combining two unequal twills ‘'end and end," 
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or “pick and pick/’ Fig. 273 shows the effect produced *by 
combining “end and end,” a “three and two” twill, and 
“ two and two ” twill. As one twill repeats on five picks and 
the other on four, the combined pattern will occupy twenty 
picks— twenty being the l.c.m. of five and four. There will 
require to be twenty ends of each twill used to make up a 
complete pattern, therefore the combined design will repeat on 
forty ends and twenty picks. If a four-end twill is combined 
with a three-end twill in this manner, the complete pattern 
would occupy twenty-four ends and twelve picks, as twelve is 



Fig. 273. 


the least number of picks on which both the four-end and 
three-end twills repeat. 

Check Patterns produced by Re-arrangement of 
Twills. — If an eight-end twill “ three and five plain ” is re- 
arranged in the order i 4, 7 2, 5 8, 3 6, the effect shown in the 
square A (Fig. 274), and if this be again re-arranged in the 
same order, the original twill results. It follows, therefore, that 
by placing the pattern A above the twill and drawing the ends 
through eight staves as indicated in the draft (Fig. 275), a check 
pattern will be formed. The draft which produces the crape 
from the twill also produces the twill from the crape.* The 
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first eight ends and sixteen picks of the design is the pegging 
plan. , By the addition of two extra staves the floats may be 
prevented from passing from one square to another. To pro- 
duce the check effect properly, the satin draft must be such a 
one that if the fourth end is drawn on the second stave, the 

second end must be drawn on the 
fourth stave. If a sixteen-end 
satin draft is used for making a 
check pattern on this principle 
from a sixteen-end twill, the satin 
draft must be selected from those 
which can be made on sixteen 
shafts, and must be such a one 
that exactly the same pattern will be 
produced in the opposite squares 
of the check. The sixteen-end 
satin which gives this effect is the one made by skipping eight 
ends between each lift. 

Honeycomb Cloth. — In this style of cloth the threads 
are interlaced so as to form squares, the centres of which are 
lower than the ridges which form the sides. Fig. 276 is a 

honeycomb pattern on ten ends 
and ten picks. It will be noticed 
that the ridges or raised portions of 
the honeycomb are formed by the 
gradually increasing floats of the weft 
Fig. 275. and warp threads. The hollows are 

formed by the threads weaving plain 
for a few ends and picks. Any size of pattern, within reason- 
able limits, may be formed on this principle. Fig. 277 is a 
x6 X 16 honeycomb on the same principle. 

For smaller sizes the principle requires a*little alteration. 
Fig. 2^8 is a good 8x8 honeycomb, and gives a fairly good 




Fig. 274. 
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effect even in low makes of cloth. These honeycomb weaves 
are used for quiltings, towellings, and for fancy goods of all 
kinds. Some excellent effects can be produced by combining 



Fig. 276. 



Fig. 277. 



honeycomb with satin or other weaves for striped dress goods, 
and similar fabrics. A good effect is given by the pattern. 
Fig, 279. The weave requires very thick yarns for giving the 
best effect. The pattern is reversible, 
both sides of the cloth being exactly 
alike. 

Mock Lenos, or Lace 
W'eaves. — These weaves are very 
extensively used in cotton manufac- 
tured The imitation of leno fabrics 
can be made extremely close, often 
so close as to deceive even experi- 
enced buyers. The simplest kind is 
the pattern at Fig. 280, a “three and three’’ pattern. The 
threads are interlaced in such a manner that the first ends are 
pulled together by the second and fifth picks, and the picks 
are pulled together in threes by the second and fifth ends, and 
as the shed is crossed between the third and fourth picks, the 
crack in the cloth appears there. The open effect is greatly 
increased if the ends are reeded “three in a dent,” the first 



Fig. 279. 
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thfee ends in the pattern being together in one dent, so that 
the reed assists in forming the open eifect. Sometimes the 
ends are reeded in threes with a dent “ skipped ” between each 
full one, and this greatly augments the open effect. A “ four 
and four^’ mock leno is the weave shown at Fig. 281. To 
produce the best effect this requires to be reeded four ends 

in a dent, commencing with the 
PrCniP first four ends in the pattern. 
^ this weave the crack is made 

nif Vin^ between the fourth and fifth ends 

^Ool i M i K iiii i iiM and fourth and fifth picks. The 

Fig. 280. Fig. 281. principle of the weave is exactly 

the same as in the three and 
three pattern, but a slightly more open effect can be obtained 
with the ‘Tour and four’' pattern. It is also suitable for a 
finer make of cloth, as the open effect can be made with 
a larger number of threads per inch. 


Fig. 281. 



Fig. 282. 


Fig. 283. 


A “ five and five ” pattern is given at Fig. 282. The second, 
fourth, seventh, and ninth ends serve to puli the picks together 
in fives, and to make a decided crack in the cloth between the 
fifth and sixth picks in the pattern. The same thing takes 
place with the ends, they are pulled together in fives, by the 
second, fourth, seventh, and ninth picks. 

Probably the best open effect is produced by Fig. 283. 
This fe called a '‘five and one” mock leno orTace. To 
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produce the best effect, the pattern should be reeded 
follows : — 

Five ends one dent, 

Skip a dent, 

One end one dent, 

Skip a dent. 

Two repeats of the pattern are shown at Fig. 283, only six 
ends and six picks being required to weave it. The first five 
picks are pulled together by the second and fourth ends, and 
as the shed is crossed between the fifth and sixth picks and 
between the sixth and the succeeding pick, the single pick 
No. 6 is shown in the middle of the crack between the bars 
of five picks. The same thing takes place with the ends. 

It is not absolutely necessary to reed the pattern other than 
two in a dent j an open effect is produced with the ordinary 
reeding, but the special reeding greatly increases it. 

Cords. — Cords can be formed in cloth by simply making a 
number of threads lift together, as in Fig. 284. The cord may 
be made across the piece by putting a number of picks in a shed, 
as shown at Fig. 285. This principle of forming cords has its 



Fig. 284. Fig. 285. 


disadvantages. If the cord is going lengthwise of the piece a 
large number of picks per inch is required to give a good and 
fine effect, and there is always a tendency to show a perforated 
appearance in cords made on this principle, owing to the 
threads being puffed together in threes or fours, or whatever 
number of threads go to form a cord. 


Q 
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* A good cord up the piece may be made by taking six or 
eight ends of six-end satin and two plain ends. Fig. 286 is a 
pattern of this kind. The six-end satin is used because the 
plain ends would make wrong bindings with a five-end satin and 
the ends would slip. This principle of making cords is very 



Fig. 286. Fig. 287. Fig. 288. Fig. 289. 


useful, as the effect being produced from the warp, the cost is 
less than if produced from the w^eft. 

For dobby patterns it is necessary to keep the number of 
shafts as low as possible, and cords requiring only two shafts 
above the plain are made as in Figs. 287 and 288. Fig. 289 
gives a cord across the piece, and is of rather a firmer character 



Fig. 290. Fig. 291. 


than an ordinary four and four cord. Fig. 290 shows a useful 
principle of making cords across the piece. Two picks are 
taken together, and three double picks from accord. The three 
plair: picks ’"serve to define the cord. A better effect is 
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obtained from Fig. 291, in which the double picks have a float 
of five ends. This cord is very suitable for stripes, as it com- 
bines extremely well with warp satin. 

Fig. 292 gives a cord up the piece. The back of the cloth 



Fig. 292. 



Fig. 293. 


is plain, each pick taking an equal part in forming the back. 
The plain also serves to spread the ends, and so produces a 
firmer cloth than would be obtained if the cord were formed 
on the principle of Fig. 294. Sometimes the back of the cord 
is required to be rather looser, and is woven to a small twill. 
At Fig. 293 a twelve-end cord is shown on this principle, with 
a 2 and i twill pattern at the back. 

Another form of cord is illustrated at Fig. 294. This shows 
a cord up the piece caused by every pick interweaving with the 
first and second ends, and only half the picks interweaving 
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Fig. 294. Fig. 295. 

with the remaining six ends. The ends interweaving with half 
the picks are looser than the other two ends, and therefore have 
a raised appearance. The face of the cloth is plain, with the lines 
formed by the two ends running up the piece. A smaller tord is 
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shown at Fig. 295, which repeats on six ends and four picks. 
Fig. 296 is a pattern composed of crossed cords. Excellent 
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Fig. 297. Fig. 298. Fig. 299. 


Fig. 296. 


effects are obtained by combining larger cords in the same 
manner. 

Crapes. — This is a name given to weaves of a small 
seedy” effect. Good effects of this kind are produced by 
Figs. 297 and 298, which repeat 
on ten ends and six picks, and six 
ends and six picks, respectively. 
Another very largely used pattern 
is that at Fig. 299. This is a 
pattern of rather peculiar con- 
struction, as both sides of the 
cloth are alike, and the small floats 
of three are bent somewhat out of 


Fig. 300. 




Fig. 301. 


a straight line. The reason for this can be seen by a careful 
examhiation of the pattern. Patterns of the same character. 
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but with very large repeats, are often used. In many of these 
there is no regularity in the construction of the pattern. The 
chief object is to get a perfect all-over effect free from lines or 
rows. This can be accomplished by keeping about the same 
amount of float on every pick and distributing the floats as 
evenly as possible. A pattern of this kind, on forty picks and 
sixteen ends, is given at Fig. 300. It will be seen that each 
pick has two floats on it. 

Fancy Effects. — Some novel effects can be produced on 
the principle of Fig. 301. Two picks are floated on the top of 
a plain cloth every ten picks, and 
these loose picks are bound only 
by two ends out of every twelve. 

The loose picks *are pulled in 
opposite directions by the loose 
ends, and the result is that small 
hexagonal figures are formed after 
the manner shown at Fig. 302. 

By using coloured ends and picks for the loose ones a still 
better effect is obtained. 

Crimp Stripes. — These are usually produced by having 
two warps at different tensions. The warp to weave the crimp 






Fig. 303. 

is lightly weighted as compared with the warp of the other stripe, 
which may be plain or satin as desired, and is let off^intei- 
mittently. If the crimp warp is very hard twisted the effect is 
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the extra warp is not forming the figure it is thrown to the back 
of the cloth, where it hangs loosely unless it can be bound into 




Fig. 307. 
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the ground cloth or cut off. Two or three differently coloured 
spots may be formed one above the other. Fig. 306 will show 
the principle of this. The ground of the cloth is plain, and 
these ends are distinguished by the small dots in the design. 
The first and second ends in the design are supposed to be of 
different colours. This design will repeat on forty picks, and 
any desired number of ends may be used between each stripe 
for the ground. The extra warp must be put “ extra ” in the 
reed, so that, supposing there are two ends in a dent in the 
ground, there would be six in a dent where the two extra 
warps occur. The principle is useful for obtaining a large 
width of pattern. 

The extra ends may be of the same colour as the ground, but 
of thicker material, and may be used with the object of increasing 
the width of the pattern. Fig. 307 is a 
small striped design illustrating this prin- 
ciple. The ground is plain, and the extra 
warp threads, if of sufficient thickness, 
give a bold well-covered figure, which 
enables the design to be woven on nine 
shafts. 

Extra Weft. — Extra weft spots may 
be woven on exactly the same principle 
by taking the weft ‘‘ extra instead of the 
warp. Fig. 308 is a small spot design on 
the “ extra ^veft ” principle. The cloth 
would require to have twice as many 
picks per inch as there are ends per inch. 

The ground may be either plain, twill, or satin, but if it is 
required to bind the extra material a twill is preferable. 

Fig. 309 is the commencement of a small design for an 
extra weft figure on a two and two ” twill ground, showing 
how the extra weft may be bound to the ground of the fabric 
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without showing through to the face. The extra weft may be 
brought up under the weft floats of the twill, and if a fair quantity 
of material is used the binding will not be visible on the face 
of the cloth. 

It is impossible to bind extra weft to a plain ground or to a 



Fig. 309. 


warp satin ground in the ordinary manner, as there is no float 
to hide the binding under. It may, however, be bound to a 
warp satin ground by means of stitching threads, after the 
manner shown in Fig. 310. This is an extra weft spot on a 
warp twill ground, and the loose picks at the back of the cloth 
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Fig. 310. 


are bound by the stitching thread A. This thread is really an 
extra warp thread, and it is lifted in such a position that the 
binding is hidden under the warp floats of the twill ground. 
One of these threads may be used at intervals of an eighth to a 
quarter of an inch. 
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In binding extra warp the same principle applies. Extra 
warp may be bound to a warp ground by lifting it between two 
warp floats, or it may be bound to a weft ground by using an 
extra stitching //Vi on the principle illustrated in Fig. 310. 

Extra warp or weft is often used to produce a solid figure 
on a light or open ground. Fig. 31 1 is a small design of this 
kind, in which one half the picks are thrown out of the cloth 



Fig. 311. 

in the ground of the pattern. The design gives a very close 
imitation of a figured leno cloth, if woven with suitable yarns. 
To obtain a good effect there should be at least twice the 
number of picks per inch that there are ends or warp threads. 
When the cloth is taken out of the loom the loose threads are 
clipped and passed through a shearing machine, where the 
loose threads are cut off close to the figure. 

The extra picks should be bound round the figure by weaving 
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plain for a few ends, to prevent the extra material being 
pulled out of the figure in clipping or shearing. 

Extra Warp and Extra Weft combined, — Where 
extra warp and extra weft are used together in the same part of 
the design, the structure is a little more complicated. 

A small check pattern of this description is given at Fig. 312. 
Every alternate end and every alternate pick are extra, and all 
the even numbered ends and picks belong to the ground cloth, 
which in this case is woven plain. 

In making designs employing both extra warp and weft, it 
is advisable to put the dots of the ground weave on the point 
paper first. Then dots may be 
put on to lift the extra warp 
where it is required to form the 
figure, and if it is required to 
throw the extra weft to the back 
of the ground cloth when the 
extra warp is on the face, the 
ground ends must be lifted on 
the extra weft picks where re- 
quired. 

In Fig. 312 the ground 
weave is showm in solid squares j the extra warp is lifted by the 
small circles, and the extra weft is thrown to the back of the 
plain cloth by the small dots, which lift all the ground ends on 
the extra picks where the extra warp is lifted. This design 
is made for single picks, but in the majority of looms there are 
only change boxes at one side, and so the design must be 
arranged for two picks alternately of ground and extra weft. 

Double Weft Face. — Double weft-faced cloths are made 
on the principle shown at Fig. 313. There is a face weft and 
a backing vreft, and both sides of the cloth may be made alike 
by using only one count of weft. 



Fig. 312. 
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The pattern is a four and one twill for both face and back, 
and it is important that the binding should take place under the 
floats of the twill, after the manner described in 
binding extra weft. 

The face pattern may be different from the 
back, but it is not possible to back a cloth with 
every pattern on this principle, as the binding 
must not show through to the face, and there- 
fore the back pattern must be selected so as to give this result. 

Fig. 314 is an eight-end twill backed with weft, the back 
pattern in this case being a “ seven and one ” twill. 




Fig. 314. 



Fig. 315. 


Suppose it is desired to put a weft back to the pattern, 
Fig* 3 ^ 5 } to have two face picks to one back pick. The 



Fig. 316. 


Fig. 317. 


face pattern must be put on the face picks as 'in Fig. 316, and 
the back pattern must then be put on in such a manner that 
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where the backing weft is passing over one of the warp threads 
there must be at least one weft dot above and below it, as in 
Fig. 316. 

Two wefts of different colours may be made to form rever- 
sible figures by making them change places, first one being on 
the face, and then the other. The principle is shown at Fig. 3 1 7, 
where the alternate picks are of different colours. The two 
wefts should be thick enough to cover well, and a fine w^arp 
should be used. 

Double Warp Face. — This is the same as “ double 
weft face” weaving, with the exception that two warps are used 
instead of two wefts. A four and one twill backed with warp is 


£•: ■ ■■■ ■ 
■ ■■■ ■ :< 
■■■ ■ K ■ 
■■■(£■■ 

■ K ■ 

!S? ■ ■■■ ■ 

■ ■■■ ■ S 
■■■ ■ B1 ■ 


Fig. 318. 



Fig. 319. 



Fig. 320. 


shown at Fig. 318. It is necessary to have the warp threads 
close enough together to hide the bindings. Fancy patterns 
may be backed with warp by binding the backing warp under 
warp floats in the face cloth. 

Corkscrew twills are those which have a warp face on both 
sides of the cloth. The weave is chiefly used in the manufac- 
ture of worsted coatings, and similar goods, but is often 
employed in cotton designs. An eleven-thread corkscrew is 
given at Fig. 319, and a fifteen-thread pattern is given at 
Fig. 320. The weave requires a large number of warp threads 
per inch to give a good effect. 
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Another padded effect is given at Fig. 323. The double 
pick is the padding weft, and should be of thick material. 
The plain face cloth is developed in small dots, and the 
backing ends in solid squares. The padding picks in this 
pattern are pulled out of a straight line, and a diamond effect 
is produced on the cloth. 

Double Cloths . — Double-warp-face and double-weft- 
face cloths are usually classed as double cloths, but they are 
essentially different from double cloths made from two warps 
and two wefts. 

Figs. 324 and 325 will show how two separate cloths, one 
above the other, can be woven in one loom. The first figure 
shows one of the face ends only lifted, and a pick being put in 




the face or top cloth. It will be noticed that both back ends 
are in this case down along with one of the face ends. The 
second figure shows both face ends lifted and one of the back 
ends, whilst a pick is being put in the back cloth. 

Two separate cloths of any pattern may be woven by 
simply lifting the face ends out of the way when a pick is 
being put in the back cloth. 

If a pick is put in the face and back cloth alternately, the 
cloths will be bound together at both selvedges; but if two 
picks are put in each cloth alternately, they are only bound at 
one side. This will be seen from Figs. 326 and 327. In the 
former the pick passes from the face cloth to the back cloth 
at one side, and from the back cloth to the face cloth mt the 
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other side of the loom. In Fig. 3 2 7* two picks are put in each 
cloth in succession, and the cloth will open out to double the 
width of the loom. The former principle is used for weaving 
sacks, meat-bags, and seamless pillow-cases. In putting double 


Figs. 326, 327. 

cloths on point paper it is usual to use different colours or 
marks for the face and back cloths respectively, and also for 
lifting the face cloth when weaving in the back one. It is 
also advisable to always take the dotted squares as warp lifted. 
The following directions for double cloth designing will be 
found useful. 




F B F B 



Fig. 328. 


Fig. 329, 


First mark off the face and back ends and picks respectively. 
Then on the face ends and face picks put the face pattern, and 
on the back ends and back picks put the back pattern. On 
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every back pick lift every face end. This will make the two 
cloths separate. 

Fig. 328 is the design for two separate plain cloths bound 
at bolfi sides of the loom, and Fig. 329 is the pattern for the 
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cloths bound only at one side. The face and back cloths may 
be of different patterns, and bound together to form one thick 
fabric. 


Fig. 330 is a design for a double cloth with a two and two 
twill face and a plain back. The design is end and end, and 
pick and pick. 

The binding of the two cloths together is a very important 
matter. It must be done in such a manner that the bindings 
are not visible on the face of the 


fabric. To find the best position 
for binding the two cloths together 
it is generally advisable to make 



Fig. 331. 


a section showing the first two picks in the pattern, as at 
Fig. 33 T. A position can then be found for passing a back 
pick over a face end where the floats of weft in the face pattern 
will hide the binding. It will be seen that this can be done 


effectually by passing the back pick over the fourth face end, 
and so in the design the fourth face end is not lifted when the 


first back pick is being put in. 


Sometimes the face cloth is required to be much finer than 



Fig. 332. Fig. 333. 


the back, and so there may be two face ends and two face 
picks to one back end and one back pick. 

Figs. 332 and 333 show a design for a fabric of this descrip- 
tion, the face pattern being a two and two twill, and the back 
plain. Before commencing to put the design on paper, it best 


R 
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to make a section showing in w’hat relative positions it is pro- 
posed to start the two patterns, and so enable the weaves to be 
placed in such positions that a satisfactory binding is possible. 

Fig. 334 shows how the binding may be effected by placing 
the two patterns in a certain position in relation to each other. 

The binding in this, as in the 
previous case, is made by passing 
a back pick over a face end. 

Fig. 334. binding may also be made 

by lifting a hack end over a face 
pick where the warp floats in the face cloth would cover it, 
A design illustrating this kind of binding is given at Fig. 
335. The face pattern is a “four and four” twill and the 
back a two and two twill, and there are two threads of face to 
one of back, The two cloths are bound together by lifting 
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Fig. 335 - 


Back 


the first back end on the first face pick where the binding dot 
comes betw^een two warp floats. The full squares in the 
figure represent the face ends lifted ; the small dots represent 
the back ends lifted ; and the circles show all the face ends 
lifted on the back picks, which keep the two cloths quite 
separate. The cross on the first pick effects the binding. 

The question as to which is the better sjstem of binding 
depends upon the character of the two cloths. If the face 
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weft covers better than the warp, it is the better way to bind 
by passing the back pick over a face end, whereas if the face 
warp covers better than the weft, a back end lifted over a face 
pick is preferable. 

Three-, and more ply Cloths. — Any number of cloths 
may be woven separately, one above the other, or several may 
be bound together to form a very thick fabric. Fig. 336 is a 
design for weaving four plain cloths, one above the other, and 



if the picks are woven in the order given in the design it will 
weave a cloth four times the width of the loom when opened 
out. The passage of the weft from one cloth to the other is 
shown at Fig. 337. 

Figured Double Plain Cloths.— If the warp be taken 
with alternate ends of two colours and picked in the same 
manner, figures, checks, or stripes 
can be formed by weaving two 
separate cloths of the different 
coloured yarns, making both 
cloths solid colour, and making 
them change places so as to form 
the desired figure. Fig. 338 is 
a design for a small check 
pattern on this principle. The 
odd ends and picks are, we will 
suppose, black; and the even numbered ends and picks 
white. It will be seen that in the bottom left-hand i^uare 
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Fig. 338. 
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of eight ends and picks, the lifting marks for lifting the 
face cloth out of the way when weaving in the back cloth 
are put on the black ends and white picks, and therefore 
the black cloth is lifted to the face in this square. On the 
opposite square of eight ends and picks, the lifting marks for 
separating the two cloths are put upon the white ends and 
black picks, and therefore the white cloth is here made the 
face cloth. By bringing either the black or white cloth to the 
face, any figure may be formed, and the surface of the fabric 
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bringing the back cloth to the face are the solid squares, 
whilst the white cloth is brought to the top by the circles. 

If all the black ends and picks are brought together and 
all the white ends and picks brought together, the pattern of 
both sides of the cloth can plainly be seen as well as the 
ground weave. Fig. 340 will show this. The face pattern is 
shown on the first sixteen ends and picks, and the back pattern 
on the second sixteen ends and picks, whilst the ground 


Fig. 340. 



weave is shown for both cloths in the opposite corner squares. 
The patterns may be designed in this manner, and the full 
effect produced by arranging the draft so as to give the 
required effect in the cloth. 

Some fine effects may be obtained by inserting a thick end 
in the form of padding between two plain cloths, and binding 
the cloths together so as to make the thick end form a cord. 
The cords may run either lengthwise or across the piece. 
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Fig. 341 is a section showing how the cord is formed by 
the thick end coming between the two cloths without inter- 
weaving with either of them, and Fig. 342 shows how the point 
paper design is made. The end on which the crosses are 
placed is the thick thread which is used for padding, and the 
four ends at each side of this are the two separate plain cloths. 
At each side of this there are two ends showing where the two 
cloths change places, and so bind the thick end between the 
cloths and form the cord. 

Double plain cloths may be bound together by using suffi- 
cient material to cover well, but the binding is difficult to make 



Fig. 341. 
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Fig. 342. 


without being visible. This principle of binding is shown at 
Figs, 393 and 394. 

Leno Fabrics. — In a previous chapter the method of 
interlacing the threads in simple gauze has been shown. 
With the two staves and one doup required to weave gauze 
a considerable variety of patterns can be woven. A “ five and 
one cross-over has already been given, but it will be obvious 
that the number of plain picks in each bar of the cross-over 
may be any odd number. A seven and one,” “eleven and 
one,” and so on, are regular weaves. 

Where the crossing thread weaves plain first at one side and 
then the other of the standard end, a simple crack is made in 
the cloth between the bars of plain, and therefis no single pick 
in the middle of the crack. The most common pattern of this 
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description is a “ five and five cross-over ; a plan, draft, and 
pegging-plan of this pattern is shown at Fig. 343. 





Fig. 343. 


In all these fabrics the effect is decidedly of an open or 
transparent nature. 

In some leno fabrics the object is not to get an open effect 
but to get zigzag effects by crossing a 
thick end over a few plain ends. A simple 
pattern of this kind was given at Fig. 139 
in dealing with leno weaving, but the effect 
may be varied by making the crossings at 
irregular intervals. 

Fig. 344 is a fancy crossing in which 
the thick doup end is crossing over three 
double plain ends. 

Fig. 345 is another fancy effect on the 
same principle. The marks on the plain 
ends show when these ends are lifted. 

When the thick crossing ends all work 
in the same direction a ‘Svave'' effect is produced, which is 
often employed in conjunction with the “ diamond” or ^^eye' 
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effect, obtained from the opposite working of the two thick 

^nds. 

By using two doups a great variety of effect can be obtained. 

Fig. 346 shows a method much practised 
Hill 111 111 — of making the picks bend out of a 

straight line. It is obvious that this 
will require two doups, because one 
doup thread has to be lifted for the 
first six picks, and the other doup thread 
does not lift until the fourth pick in the 
pattern. 

Check Lenos. — Where alternate 
^ squares of leno and pftin are required 
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Fig. 346. 
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Fig. 347. 


to be woven, it is necessary to have two doups if the leno 
is required to be woven four ends in a dent, with two ends 
crossmg two, as in Fig. 347. It has been shown how a 
check leno or gauze can be woven with only one doup at 
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Fig. 144, but the principle only applies to pure gauze, or one 
end crossing one. The draft and pegging plan for weaving a 
small check on the principle of Fig. 347 is given at Fig. 348, 
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Fig. 348 . 


where it will be seen that eight shafts or staves are required 
with two doups and two slackeners. 
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Fig. 349 . 





Fig. 350 . 


For dobby weaving, the leno principle is chiefly used in the 
production of .striped fabrics. One of the most popular 
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classes of fabrics is a combination of the thick zigzag effect 
with an open leno effect of any kind. Fig. 349 is an example 
of this combined style, the stripe can either be woven with a 
satin or plain ground fabric. 

With three doups some very elaborate effects can be 
obtained, but the increased cost is rather prohibitive. 

A thick end can be crossed round a pair of ends weaving 
leno, as in Fig. 350. It is necessary to bring the end from the 
back stave round the doup B before crossing under the pair of 
leno ends, as this would make the crossing easier. 

Weft Pile Fabrics, Velvets, and Corduroys.— 

Practically all cotton velvets are woven on the weft pile 



Fig. 351. 


principle. The intricate nature of the loom required for 
weaving warp cut-pile prevents its adoption for cotton pile 
fabrics. There is no doubt that a warp pile woven over wires 
is superior to any weft pile fabric, all the pile being perfectly 
even. The principle upon which weft pile is formed is 



Fig. 352. 


illustrated at Figs. 351 and 352, the former showing the pile 
uncut, and the latter cut. 

In weft pile fabrics the pile weft is usually extra weft ” 
issuing out of the ground fabric only between every pair of 
ends. This forms grooves or “ races in the fabric, which allow 
of the insertion of a “knife and guide” which cuts the pile 
about xhe middle of the float. At Fig. 351 the ground fabric 
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is plain, and between each ground pick there are three pile 
picks. The first pile pick passes under the first end, the 
second pick under the third end, and the third pick under the 
fifth end, and if these are repeated there are formed small 
grooves for the cutter’s knife every two ends. The pattern is 
given on point paper at Fig. 353, extended a little in each 

direction as the pattern repeats on only p....— 

six ends and eight picks. The ground ■■ttI 

picks (plain) are put on in circles. A 
large number of picks per inch are re- 

■■ ■■■■■ ■■■■■ ■■■ 

quired; in a common make about 260 ■■■"■"■"■"“■"■"S" 

. . . ^ . ■■■■ ■■■■■ ■■■■■ ■ 

picks per inch of 60 s weft are used, and ■ 5 bSSS"SiSSS*S«S !5 

about 74 warp threads per inch, the ^ /j; vjv 
counts of warp being usually 2'7o’s. 

If there are 260 picks per inch, and 
one pick out of every four belongs to the plain ground fabric 
or ‘‘back,” as it is sometimes called, there will be sixty-five 
picks per inch in the plain, and the pile weft is “extra” 
material forming grooves for the cutter’s knife on the face of 
the cloth. 

After the cloth is woven it is stiffened, and stretched in a 
frame for cutting. Fig. 354 shows the kind of knife used for 

6 ^ ^ 

Guide/ ^ 

Fig. 354 . 


this purpose. The guide A is selected so as to fit under the 
float easily and lift the centre of the float to the cutting edge B. 
The cutter inserts the knife and guide every two ends or “ race,” 
and thus in a common velvet, as at Fig. 353, one-third of the 
pile picks are cut each time the knife is run up the piece. 
The arrows show the ends where the knife is inserted. 

Machine cutting is now adopted to some extent 
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for velvets. The piece is moved backwards and forwards 
automatically, and so the cutter does not require to walk 
the length of the frame every time the knife is run up the 
piece. 

The term velvet is used by retailers and the general public 
as referring to silk velvet, and by them all cotton pile fabrics 
are termed velveteens ; but in the trade the lighter and finer 
classes of cotton weft pile fabrics are velvets, and the heavier 
kinds, such as those used for clothing purposes, are called 
‘‘ velveteens.” There is no very definite line drawn between 
the two classes. 

Velvets are usually sold by weight when in the grey state. 
The pattern given at Fig. 324 is made to weigh from 18 lbs. to 
30 lbs. for 100 or no yards, 24 inches wide, the yarns being as 
previously stated, and the various weights obtained by altering 
the number of picks per inch. About 25 lbs. per no yards is 
a medium weight. 

The usual width for home trade velvets is 24 inches (grey), 
but for shipping 2 2^ inches is a very common width. The pieces 
are usually woven two or three in a width of the loom, and 
afterwards torn asunder. 

The length of the pile may be increased by increasing the 
length of the float. Fig. 355 is a pattern with a seven float, and 
four pile picks to each backing, or ground pick. 
This is usually called an Ei velvet, a term 
probably handed down from the origination of the 
pattern. 

Until well into the last century the pattern 
353 the only weave used in the produc- 
tion of cotton velvets, and a patent was obtained 
for this Ei velvet, and the term ‘'Patent” is still regularly 
used when referring to velvets with a longer pile than a 
five float. 
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Fig. 355. 
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When bound to the ground fabric in this manner it is known 
as fast pile.” 

The method of binding detracts from the richness of the 
pile obtained from a given quantity of material, but the fabric 
possesses much better wearing qualities. 

Fig. 360 shows the structure of an ordinary fast pile velvet 
with a plain ground, and four pile picks to each back pick. 


Fig. 359. Fig. 360. Fig. 361. 

A regular make of this fabric is as follows : 

Width 26 inches, length 104 yards, weight 30 to 34 lbs. 
76 reed, 420 picks per inch, 2-70's twist, 50's weft. 

Twill Backed Velvets. — Some of the finest kinds of 
velvet are made with a twill back. The chief advantage of a 
twill back over a plain is that the bindings of the pile weft into 
the ground are hidden by the twill 
floats at the back. This renders the 
pile much faster than a common vel- 
vet; in fact, twill backs are usually sold 
as fast pile velvets. 

Fig. 361 is a section showing the 
structure of the fabric, and it will be 
easily understood that the pile cannot 
be so easily pulled out at the back, 
owing to the weft covering the bindings. 
Fig. 362 is the design for a good make 
of this kind of velvet, the back is a two and one twill, and the 
pile weft floats over eleven ends. ^ 

Kn important thing to remember about twill backs is, that 



Fig. 362. 
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the pile pick following a back pick must have the dot opposite 
a blank square in the back pick. If this were not so, the picks 
would slip about and form an irregular surface. 

In the weave under notice, five pile picks are taken between 
the first two back picks, two between the second and third, and 
five between the third and first. This enables the proper 
bindings to be made. 

This weave gives one of the best cloths that are made. 
It is usually woven with about 600 picks per 
inch of 6o’s weft, in a 76 reed with a 2-70’s 
twist. 

Another pattern of the same kind which 
will take still more weft is given at Fig. 363. 

In this there are five pile picks to each back- 
ing pick, and the pattern repeats on thirty-six 
picks. 

Plushes. — When much longer piles are 
required the fabric is called plush.” These 
can be made on exactly the same principles as 
the foregoing, or the principle embodied in 
Fig. 364 may be used. In this weave the 
pile is bound in much oftener than in the shorter 
piled cloths, as a long pile is much easier to 
pull out than a short one, and therefore requires more firmly 
binding. The ground picks also in this weave are all alike, 
i.e. they all pass under the same ends, and this does not hold 
the pile weft as firmly as a proper plain back, although it 
utilizes the binding of the pile weft as forming part of the 
back pattern. The bindings of the four pile picks together 
form a plain pick, and the back of the cloth thus appears 
perfectly plain. To preserve an even surface of pile it is 
necessary to distribute the points, where the first pick in each 
four commences, in satin order. As there are in Fig. 364 
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twelve ends on which the pile picks are bound, the basis upon 
which the bindings must be distributed is a twelve-end satin, 
which rans i, 6, ii, 4, 9, 2, 7, 12, 5, 10, 3, 8. The first pile 
pick commences to bind on the second warp thread, and 



therefore the first pile pick in 
the second set of four (the 
seventh pick) must commence 
to bind on the sixth of the ends 
available for the purpose (the 
twelfth end). The whole design 
will be complete on sixty picks. 

For a longer pile the weft 
would require to be bound 
under more ends, especially if 
the backing picks are not 
crossed. 

Cord Velvets. — A simple 
cord velvet can be made on the 
principle of Fig. 365. The two 
plain ends on every six bind 
all the pile picks in the form of 
a cord up the piece, and there 
is one ground pick to four pile 
picks. The cutteFs knife is only 
run up every cord, and so the 
cutting operation is much cheaper 


Fig. 364. 


and more easily done than in 
the case of velvets. After 


cutting, the pile is brushed, and the fibres spread out so as to 
cover the space between the two binding ends as much as 
possible. 

An eight-end cord on the same principle is given at 
Fig. 566. 
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Round cords are made by employing floats of two lengths. 
In the previous cords all the floats are equal, but in Fig. 367 
one float is a “thirteen” and the other a “fifteen.” When 



Fig. 365. 



Fig. 366. 


these are cut in the middle, the short float forms the outside 
of a cord, and the long float the inside, which gives the cord 
a round appearance. Fig. 368 shows the appearance of the two 
pile picks when cut. 



Fig. 367. 



Fig. 368, 


As a rule, these cords are used for very heavy fabrics, and 
twill and satin backs are chiefly used, and as the pile weft is 
usually much thicker than velvet weft, there are not so many 
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pile picks between the ground picks. A smaller cord on the 
same principle is given at Fig. 369. 


s 




CHAPTER X 

FIGURED DESIGN 

In figured fabrics it is most important that the distribution 
of the parts of the figure should be such that the eye is not 
attracted by lines formed by the unequal distribution of the 
figure. The objectionable feature is most likely to occur in 
designs of an all-over character, as it is almost impossible to 
tell if the distribution is perfect without extending the design to 
cover a considerable space. 

In designs which consist of set or detached figures, it is 
a comparatively easy matter to cover the surface of the fabric 
equally by distributing the figures in some 
pre-arranged order. The simplest method 
of arranging detached figures is to arrange 
them “one and one,” as in Fig. 370. 
This is a small spot arranged from two 
points on twelve ends and twelve picks, 
and the same principle will apply whatever 
the size of the figure. The space to be 
covered, twelve ends and twelve picks, is divided into two, 
both in warp and weft, and it will be noticed that the central 
dot in each spot is in the same position in each square of 6 x 6. 

In designs of a floral character the two figures are generally 
turned in different directions, and if the centres of the figures 
be pro|)erly placed they may be turned in any direction, and 





The squares are numbered at the side in the order of the 
satin, viz. i, 3, 5, 2, 6, 4, and the first spot is placed in the left- 
hand bottom corner, the central dot of the spot being placed 
in the centre of its square. The next figure is placed in the 
third square, on the second five picks, the central dot again 
being placed in the middle of the square. The third spot is 
placed in the fifth square, on the third division of the picks ; 
and so on, until the six figures have been placed on the thirty 
ends and picks. „ 

If the central dot is always placed in the correct position 
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in each division, the figures may be turned round or placed 
in any direction. 

The ground weave is a five-end satin, and care must always 
be taken, in designing, that the ends and 
picks in the pattern are a multiple of the 
ends and picks in the ground weave, or 
there will occur a broken pattern at the 
joining of each “ repeat.’’ 

Fig. 372 is a small spot arranged in 
the order of a regular eight-end satin on 
sixteen ends and sixteen picks. In making 
this design the sixteen ends and picks 
divided into eight will give only two ends and picks for each 
division, so that if the central dot of the first spot is placed 



Fig. 372. 



Fig. 373. 


on the third pick, the centre of the next spot will come on 
the fifth pick, and so on. 
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As previously stated, when set figures are distributed in 
regular satin order a stiff appearance is given to the design by 
the figures showing in lines. It is therefore necessary to get 
some irregular order as a basis to work upon, which will dis* 
tribute the parts of the figure equally, and give a mixed-up 

appearance. A design based upon an irregular 

eight -end plan is given at Fig. 373. The BgSS?| 

irregular satin upon which it is based is given at S* 5 BSb 
F ig. 374. The method of constructing the design "■■■■“u 
is precisely the same as in the previous examples ; piG. 374. 
the space to be covered is divided into eight 
parts in each direction, and the figures are arranged in the 
same order as the dots in Fig. 374. If ten spots or figures 
are to be arranged in a design, an irregular ten-end satin may 
be used. In arranging the order care must be taken to have 
the dots evenly distributed. 

Transferring from Sketch to Point Paper.— In 

transferring a design from the sketch to point paper, it is usual 
to rule the sketch into small squares, each square to represent 
sixteen or twenty-four ends and picks, and to mark the point 
paper into squares of this number of ends and picks. The 
outline of the sketch is then drawn on the point paper ; the 
squares into which the sketch and point paper have been 
divided render it a simple matter to enlarge the sketch and 
preserve the proportions of the various parts of the design. If 
the sketch measures four inches for one repeat of the pattern, 
and the design is to be made on 400 ends, and say 500 picks, on 
8x8 point paper, the sketch may be ruled with lead pencil into 
twenty-five parts in the warp, and the same number of parts in 
the direction of the weft. The point paper would then require 
to be divided into spaces of sixteen ends and twenty picks. 

45^ =16 ends = 20 picks 

25 25 
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Development of the Pattern,— When the outline of 
the figure has been drawn on the point paper, it may be 
coloured in. This is done by going over the line carefully 
and filling in all the squares that the outline passes through. 
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If the ground of the fabric is to be plain, the outline of the 
figure must be kept plain — that is, it must move an odd 
number of threads each time, so that the plain ground may be 
carried up to the figure without spoiling it. 

If a solid weft figure is required on a warp satin ground 
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the figure may be coloured all over with, say, red paint, and 
the developing dots be put on in blue or other colour ; but if 
much shading or fancy treatment is required, it is more con- 
venient to develop the figure in one colour, as in Fig. 375 * 
Some designers colour the ground with red, and put the satin 
or other dots over this^,in another colour, leaving the figure 
white, and then develop the figure by putting on the required 
red dots to lift the warp for shading or binding. 

This method is advantageous where there is more figure 
than ground, which is often the case; but, as -a general rule, 
the figure is coloured with red, and the binding dots of the 
ground in the same colour, another colour being used for the 
binding of the figure when required. 



Fxg. 376. 


Fig. 375 illustrates the principle of developing a weft figure 
on a warp satin ground by shading from warp to weft. 

The outline of the figure is first sketched on the point 
paper, and then the whole is covered with the satin dots. By 
adding single dots where required any degree of light and 
shade can be obtained. It is best to add the dots all to the 
same side of the float, and, as a rule, it is most convenient to 
add them singly. The effect is obtained by gradually in- 
creasing the float from one to seven, and thus there are seven 
degrees of light and shade between the two opposite eight- 
thread satins. 

Fig. 376 will illustrate the principle of shading more 
perfectly. This is a small stripe of shaded eight-end satin. 
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The space to be shaded is divided into seven equal parts of 
five threads each, as there are seven changes to be made* 
The first five ends are left as they are, and a dot is added to 
each one in the second division, two dots are added to each 
in the third division, and so on, until the float of seven is 
reached at the right-hand side of the stripe. 

In a five-shaft satin there are only four possible changes, 
and therefore this is not of much use for figured design in 
cotton goods. The larger satins, such as eight, ten, and 
twelve-shaft satins, are most useful for this purpose* 

Twills may be shaded in the same manner as satins by 
gradually adding to the float of a warp twill until a weft twill 
is reached. 

Satin figures are somewhat flat and indistinct when woven 
with grey warp and weft, and therefore in cotton fabrics the 
figures are more often developed in twill or fancy weaves of a 
bold character, unless coloured yarns are used. The best 
effect is obtained when a number of different weaves are 
employed in developing a design ; the variety in itself prevents 
any appearance of flatness, which a design developed entirely 
in satin or twill possesses, and the weaves may be selected so 
as to suggest the beauties of the flower, leaf, or other object 
which forms the basis of the design. 

The object of the designer need not be to render a 
direct imitation of nature; but there is no reason why a 
textile designer should not use the power at his disposal 
of suggesting the surface appearance, or the beauties, or 
characteristics of the object which forms the subject of the 
design. 

A portion of a design developed in a variety of weaves is 
given at Fig. 377. The combination of the solid weft mixed 
fancy weaves gives a good effect. 

In "designs of the more conventional kind the outline of 
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the figure may be solid weft float, and the inside any other 
weave that fancy may suggest. 

If the figures are formed from extra warp or weft, the same 
principles of development will apply. Any variety of light 



Fig. 577. 


and shade can be obtained, and bold effects may be produced 
by twilling, or subdued effects by interweaving the threads 
more closely and in satin order. 

Sizes of Patterns, and Casting Out.— The Jacquard 
machine most generally used in the cotton trade is a l}.oo^s, 
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which weaves a design made on 400 ends or warp threads in 
a “ repeat.” If the harness is tied up to the 400 neck cords, 
and the warp drawn through every mail in the harness, the 
designs made for this loom must either be on 400 ends or on 
a number of ends which is a measure of 400. Thus a 400’s 
harness will weave the following sizes of patterns : — 

One pattern to 400, or 400 end pattern 


Two patterns to 400, 

33 

200 

33 

Four 

}3 

400, 

33 

100 

33 

Five 

)> 

400, 

33 

80 

53 

Eight 

3) 

400, 

35 

50 

35 

Ten 

33 

400, 

33 

40 

33 


If it is required to make a design with three patterns to the 
four hundred ends, the design must be made three times over, 
two patterns occupying 133 ends each, and the other pattern 
occupying 134 ends to make up the 400 ends. 

A design six patterns to the four hundred may be made by 
designing four patterns on sixty-seven ends each and two 
patterns on sixty-six ends each, and other sizes not exactly 
divisible into the four hundred may be made to come in on 
the same principle. 

In designing for Jacquard weaving care must be taken that 
the ground weave will divide exactly into the number of ends 
in the harness, otherwise the pattern will be broken. Some- 
times the figure will allow of the ground being broken at some 
point or other without the break being visible. Such opportunity 
occurs where the ground narrows down to a fine point; but 
in ordinary cases, where it is necessary to make a design with 
a ground weave repeating on a number not a measure of 400, 
some of the mails must be ‘‘ cast-out.” 

For example, if the ground weave is required to be a 
X2 X 12 honeycomb, as it will not divide equally into 400, but 
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will divide into 396, the design may be made on this number, 
and four mails in the harness left empty. 

Casting out is also resorted to when it is required to reduce 



the fineness of the reed. For instance, if one-eighth of a 
400's harness be cast out, there will be 50 ends less per 
pattern, and if the pattern measures four inches, the reed 
would be reduced from a loo’s to an 87’s. 
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If several rows are cast out, it is best to leave them out in 
two places ; usually one-half is left out in the first half of the 
machine, and the remainder in the second half. 

In designing for a machine which is cast out,’’ it is necessary 
to know in which part of the machine the ends are cast out, so 
that the design may be made to tie up properly, and that proper 
instructions may be given to the card-cutter. 

Striped Designs. — Striped fabrics are always largely 
made for dress goods and other purposes. An endless variety 
of styles may be made by combining stripes of any two 
contrasting weaves. If the weaves are combined for dobby 
weaving, care must be taken that too many shafts are not 
required for the value of the effect obtained, but if intended 
for Jacquard weaving, the stripes may be figured as desired. 

Some of the most effective combined styles are made of 
satin and leno in various forms and proportions. If for dobby 
weaving, the designs may be spotted to come in on a reason- 
able number of shafts, but if for the Jacquard, the satin is 
figured. The satin stripes are usually crammed — that is, there 
are more ends in each dent of the reed in the satin than in the 
other part of the fabric. Fig. 378 is a stripe design, composed 
of alternate stripes of figured satin and ‘‘ 5 and i ” lace or 
mock leno. The reeding plan for this fabric will be as 
follows : — 


Reeding Plan for Fig, 378. 


48 ends satin, 4 in a 

dent = 12 dents 

5 ends 

I dent ' 

1 

Skip 

I dent 1 

! 

) three times = 12 dents 

I end 

X dent 1 


Skip 

I dent J 


5 ends 

I dent 

= I dent 



25 dents in pattern. 
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This system of reeding the open work is the best for 
obtaining an open effect, as pointed out in a previous chapter. 
Twenty-five dents are occupied in reeding each pattern of 
seventy-one ends, and assuming the harness to have one 
hundred threads per inch, the reed required to keep the cloth 
the same width in the reed as in the harness will be — 

71 : 100 :: 25 ; 35*2 dents per inch. 

The reed required is one with 35*2 dents per inch, or a 
70’s Stockport ” reed would be used. This calculation is for a 
complete number of patterns, and does not allow anything for 
balancing the piece by having a 
satin stripe at both sides, as is 
often the case. 

In figured stripe designs the 
general effect is much improved 
by placing the figure in different 
positions on each stripe in the 
400 ends. If there are four 
figured stripes in the 400 ends, 
and the figure repeats on 100 
picks, the figure may be placed 
in four different positions, moving 
twenty-five picks each time, in 
which case it would have to be 
designed on 400 ends \ or in 
two different positions, in which 
case it would be designed on 
200 ends. The object of this 
distribution is to prevent the 
figure appearing in rows across the piece. 

Figured piagonals. — As previously explained, striped 
designs are complete on the lowest number of picks into’^which 
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all different weaves in the design will divide without re- 
mainder. In figured diagonals the design is complete on the 
first number that the diagonal and figure or figures counted 
diagonally will divide into without remainder. Thus, in Fig. 
379 the design is complete on 48 picks, because the diagonal 
repeats on 24 picks and the figure repeats on 16 picks, and 
the L.c.M. of 24 and 16 is 48; therefore this is the number 
of picks to which the design must be carried before it is 
complete. 

Selection of Point Paper. — Point paper is divided into 
small squares to represent the ends and picks, and if the designs 
are for a 300’s or 400’s Jacquard a thick line is required every 
eight in the warp direction to mark off the number of rows of 
eight needles in the machine. In loo’s Jacquards the needles 
are placed in 25 rows of four needles in a row ; in 200’s the 
needles are in 25 rows of eight needles, in 400’s there are 50 
rows of eight needles, and in 6oo’s there are twelve needles 
in a row. The design on point paper must be divided by 
a thick line to mark off the number of needles in a row ; in 
a 400’s machine this is always eight, in 6oo’s machines it is 
always twelve. 

If the paper has a thick line every eight in the picks as well 
as in the warp, it is called “ 8 X 8,” and a design made on this 
paper will be proportionately the same if woven into cloth with 
the same number of ends as picks per inch. 

If it is desired to make a design for a fabric with 96 ends 
per inch and 60 picks per inch for a machine with eight 
needles in a row, the paper required to keep the figure of the 
same proportions as it will appear in the cloth will be 8 X 5. 

96 : 60 : : 8 : 5 

If the design is intended for a 6oo’s machine, the paper 
must be 12 X {x). If the cloth is to have 96 ends per 
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inch and 120 picks •per inch in a 6oo's machine, the paper 
required would be 12 X 15. 

96 : 120 : : 12 : 15 

In selecting paper for a figured crammed stripe design, a 
rather more complicated calculation is necessary. It is neces- 
sary to obtain the number of ends per inch in the figured 
stripe, thus : — If the satin is figured in a stripe 

j96 ends, 4 in a dent, satins 
(50 ends, 2 in a dent, plain 3 

woven in a harness 100 ends per inch, and the same width in 
the reed as in the harness, the ends per inch can be obtained 
as follows : — 

96 ends, 4 in a dent = 24 dents 
50 ends, 2 in a dent = 25 dents 

146 ends. 49 dents. 

If 49 dents are required for 146 ends, the number of dents 
per inch in the reed will be — 

146 : 100 : : 49 : 33^ dents per inch, or a 67 reed. 

If the reed used is one with 33I dents per inch and the 
satin is four ends in a dent, there will be 33^ X 4 = 134 ends 
per inch in the satin ; and if there are to be 100 picks per inch 
in the cloth, the paper required to keep the figure propor- 
tionate would be for a 400’s machine, 134 : 100 : ; 8 : 6 
(nearly). 

Therefore the paper required is 8 X 6. 

It is not at all necessary to use point paper ruled exactly 
in proportion to the warp and weft, as the design can easily 
be elongated or otherwise. It is only necessary to rule^the 
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sketch into squares, representing a certain number of ends and 
picks, and to mark off the point paper accordingly. 

Designs for Split Harness. — In designing for the 
split harness, Fig. 124, no ground dots are required on the 
design, as the shafts under the comber-board which are lifted 
by the spare hooks weave the ground pattern. The design 
is simply coloured in, and the binding dots put on the figure 
only. 

In a double-scale split harness every hook lifted takes up 
two ends, and thus the bindings in the figure will appear in 
twos, and will therefore appear rather coarse. In the ground 
every end is woven separately by the shafts, and these will 
require to be lifted to give the required ground weave. All that 
is required, therefore, is to put the lifting dots on the point 
paper in the position required to operate the hooks which lift 
the shafts. Except for the limit with regard to the ground 
weave, designs for the split harness are prepared in the same 
manner as for an ordinary harness. 

Pressure Harness Designs.— In designs for the pres- 
sure harness no binding dots are required on the point paper 
in either the figure or ground, as the shafts or “ pressure healds 
in front of the harness do all the binding. 

This harness is chiefly used in fine goods. Several 
warp threads are drawn through each mail in the harness, 
and afterwards woven singly by the pressure healds in 
front. 

The edges of the figure are stepped according to the number 
of ends in each mail. 

The structure of a pressure harness damask fabric, woven 
six ends in a mail with eight shaft satin bindings, is shown at 
Fig. 380. Of course it is not necessary to make the design on 
point paper in this manner ; all that is necessary is to sketch 
the ^gure and colour it in where the warp satin is required^ 
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All the binding is done by the pressure healds, as explained 
with Fig. 125. 

Designs woven with this harness have always a fiat appear- 



ance, but this is suitable for hangings, for which the harness 
is chiefly used, 

A considerable number of weaves may be employed in 
binding the ground or figure. Any two weaves can be used in 
conjunction for the ground and figure which do not interfere 
with each other in the working. 

In addition to simple satin and twill weaves, Figs. 381 
and 382 can be used in conjunction, the figure being woven to 
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Fig. 383. 


either pattern. Fig. 383 will show that the two weaves do not 
interfere with each other — that is, an end is never required to 
be lifted and left^'down at the same time. 


T 
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Figs. 384 and 385 can be used togetlfer, one forming the 
figure and the other the ground. 

The best way of compiling weaves to give variety to pressure 
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harness fabrics is to put the satin dots on paper first, and then 
to arrange a pattern to fit in the empty squares. 

Designing for Edleston's Harness. — When design- 
ing for the patent harness, illustrated at Fig. 129, the sketch is 
put on point paper in the ordinary manner, but it must be 
remembered in doing so that the figure when woven will be 
on double the number of ends which it apparently occupies on 
point paper. 

If the spot shown at Fig. 386 is put on point paper and 
woven in this harness the effect shown at Fig. 387 will be ob- 
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Fig. 387. 


tained in the cloth. The number of ends between the spots 
would only be nine on paper to give the eighteen in the cloth. 

It was pointed out in explaining the structure of this harness 
that a weft figure could not be put upon a warp ground, as it 
is obvious that not more than half the warp can be lifted at 
once, and the figure must therefore be obtained by leaving the 
warp- down. The designs are confined to jplain grounds, or 
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weft figures may be thrown on weft satin grounds, -and twiil 
or cord grounds may with advantage be used. The method 
of putting eight-end satin on point paper is given at Fig. 130. 
The principle of putting ^on paper any weave possible on 
this harness will be understood by referring to the explanation 
given with the illustration of the harness. 

Fig'ured Lenos. — Some of the most beautiful of all 
fabrics are made with the leno harness, the combination of 
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plain or floated figures with the open and firm leno ground 
giving a fabric which is both serviceable and effective. The 
structure of the harness has already been explained with Fig. 
145, and it has been shown how “four and four” leno and a 
plain or floated weave can be combined. 

The method of putting the design on point paper for a 
figured leno harness with 500 needles and 600 hooks (see Fig. 
145) will be understood from Fig. 388. This is a small portion 
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of a design which includes “ four and four ” leno, plain, and 
floated weft or warp. The solid squares show the crossing 
threads lifted by the ground harness, and the circles show the 
same ends lifted by the doup. There will thus be four ends 
in a dent and four picks in a shed in the leno, and when these 
are woven plain the contrast is very effective. 

Two colours are necessary for putting the design on paper, 
and in cutting the cards from the design the solid squares in 
the leno portion will be cut opposite the third and fourth 
or seventh and eighth needles in the ground set, whilst 

the circles in the design which 
show where the doups are to 
be lifted will be cut opposite 
either the first or tenth row of 
needles. In a ground weave of 
this kind both doups are never 
lifted together, as the weave 
is easier when they are lifted 
separately. 

Some beautiful striped designs 
are made by using thick whip 
threads to give a lace effect, and various fancy leno weaves 
can be made and employed for giving variety to the 
effect. 

If there are more than four picks in a shed on the leno it is 
often necessary to lift one of the crossing ends when the stan- 
dard ends are lifting in order to prevent the threads from “ slip- 
ping ” or “ fraying.” 

3^9 will give a well-known two-doup effect, and other 
patterns may be devised quite easily, the power of the harness 
being practically unlimited. 

Sometimes leno figui'es are woven on plain grounds, but 
the opposite is the general rule. Floated figures are not much 
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used, as the contrast of the plain and leno is very effective, and 
is more serviceable than a loose figure. 

A very fair imitation of a four in a dent figured leno can be 
made by using one doup stave in front of an ordinary Jacquard 
harness, and crossing one end under three. By lifting the doup 
every other pick a plain figure can be woven on the leno 
ground, one crossing three, on the principle explained with 
Fig. 144. 
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Fig. 390. 


Toiletings. — In toilet quilts a raised plain figure is 
formed by an extra warp from a separate beam interweaving 
with the plain cloth where the ground of the design is required. 
Fig. 390 is a portion of a design for a cloth of this kind. 
Every third end is an “extra” end, and where the raised 
figure is required these ends are left down, but where the 
ground of the design is required the extra ends interweave 
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with the plain cloth and bind it down, *The tension of the 
extra warp causes the figure to stick up more than would other- 
wise be the case. The principle can be made to give innumer- 
able effects by different methods of introducing the extra warp, 
but the ends must not be left out of the cloth for too long 
together, or they would be too loose at the back and would be 
likely to catch. Tig. 391 is a section showing the binding of 
the extra warp into the plain figuring cloth. 


Fig. 391. 


The principle is well adapted for the production of large 
figures such as are required on quilts and similar fabrics, owing 
to the fact that only one-third of the warp threads are required 
to pass through the Jacquard harness; the plain ends can be 
lifted by shafts. 

In the better classes of toiletings two shuttles are used, and 
the extra ends are woven plain at the back instead of hanging 
loose. The principle is otherwise the same as in a one-shuttle 
toileting. 

In some quilts a padding weft is inserted between the face 
and back cloth on the principle explained in Figs. 321-323. 
“Marseilles” quilts are made in this manner. Fig. 392 will 
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show how a padded figure is formed, the dots represent the 
weft, and the principle of forming the figure is the same as in 
Figs. |2 t and 323. 
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When the padding picks are being put in, the face cloth is 
all lifted, and the back cloth left down. 

There are various other makes of quilts, of which the 
“ Mitcheline ” type is extensively manufactured. These fabrics 
are characterized by a raised figure of coarse texture upon a 

Figure. Ground. 

ground pick . 
figuring warp-end 
ground pick 
figuring weft 
face warp-end 

Fig. 393. 

ground of comparatively fine texture. Fig. 393 shows how 
this is eftected. 

Two systems each of warp and weft are used, the warp being 
drawn in the harness and reed as follows : — 

one face end fine counts : (say white) 

two figuring ends medium counts : (say brown). 

The order of picking is — 

two coarse figuring picks (white) 
two fine ground picks (brown). 

Two plain cloths are woven, one being white and the other 
brown, and these are made to change places so as to form the 
desired figure in the manner shown in Fig. 393. 

The two cloths are bound together in both the figure and 
the ground. When the white cloth is at the top, as in the first 
part of Fig. 393, a ground pick is passed over a white face end 
under the float which follows, and the binding is perfectly 
hidden. When the brown cloth is at the top a white end is 
lifted, and as this is of a fine count and the brown warp threads 
are rather closely set to the reed, the binding is obscurei^. 
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A portion of a design of this weave is given at Fig. 394, the 
structure of which will repay careful study along with the 
section at Fig. 393. 

Twilled cloths are sometimes used for figuring on this 
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Fig. 394. 


Reference. 

i = White face warp-ends raised 
above coarse white figur- 
ing picks. 


0 = Brown figuring warp-ends 
raised above fine brown 
ground picks. 


SI =r White face warp-ends raised 
above fine brown ground 
picks, in the figure. 


Q = Brown figuring warp-ends 
raised above coarse white 
figuring picks. 


I = White face warp-ends raised 
above fine brown ground 
picks, in the ground. 


double cloth principle, and the binding can be much more 
easily effected, although the weave is more expensive than 
double plain, if the same firmness is desired. Fig. 395 is a 


Fig. 395. 

section showing how the figure can be formed from two twill 
cloths, and how the binding can be best effected. The cloths 
in this example are of equal fineness. 

Fig. 396 is a design for this fabric, showing*' a small portion 
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of both ground and figure. The cloths are bound together 
once in every eight threads. 
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Fig. 396. 


Figured Weft Pile Velvets. — ^When figuring with weft 
and pile, the chief difficulty is the cutting of the fabric after 
weaving, owing to the difficulty of keeping the knife-guide in 
the race when passing from one portion of the figure to another 
across the ground. 

A considerable quantity of fabrics had been made with 
velvet cord figures — ^which are easy enough to cut — before it 
was found possible to cut the real velvet figure. This was 
rendered possible by throwing the short floats of pile weft to 
the back of the^ cloth at the edges of the figure, and always 
moving in steps or races at the edges of the figure, ^nd in 
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addition to this always keeping the end upon which the knife 
runs, to the inside of each step. By throwing out the short floats 
the chief difficulty was overcome, as the obstruction caused by 
these was the chief cause of the knife and guide being thrown out 
when cutting. These improvements were simultaneously devised 
by the writer and Mr. T. Anderson, of Wyke, and a large quantity 
of cloth was turned out a few years ago, but owing to the 
cottony appearance of the ground the demand quickly fell away. 
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Fig. 397. 


Two large manufacturers took out a patent to include all 
figured weft pile fabrics, but a thorough search could not have 
been made, as the writer recently came across a heap of patterns 
woven on the same principle, including the stepping in races, 
and also with a coloured extra warp ground, which had been 
made at least before the year 1870. 

The method of putting the designs on poin| paper is shown 
at Fig. 397. The weave generally used is an ordinary Ei velvet 
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with about 400 picks per inch, woven in an 80 reed 2-60's 
twist, 70's weft. It will be seen that the figure steps in twos 
at the edges, and that all floats less than five are thrown to 
the back of the cloth by the small dots in the design. The 
blanks represent the weft on the face, and the inside of the 
step or race is arranged to come on the third, fifth, seventh 
ends, and so on, these being the ends along which the knife runs. 
Where a turn is made in the figure it must be on an odd 
number of ends in order to keep the race in this position. 

Other systems of making figured weft pile fabrics have been 
tried. One of these was to use an extra warp at the back for 
binding the pile picks where the groimd is required, and 
binding the picks where the figure is required, to the 
ordinary warp. When the pile is cut the extra warp is torn 
away, pulling the pile with it where the ground of the pattern 
occurs. 

Another method is to weave the figure fast pile, and the 
ground loose pile, and to brush the loose pile away at the back. 

Velvet and leno stripes have been woven. As velvet 
requires a large number of picks and leno a small number, 
there is a difficulty in cutting the picks at the back of the leno 
stripe away. This can be overcome by interweaving the picks 
to be taken away at the back of the leno with some extra ends, 
and when the velvet stripe is cut, the back cloth can be torn 
away quite easily. 

Solid Coloured Borders. — In some fabrics, such as 
dhooties, the borders are sometimes made with coloured warp 
and weft, and the middle of the piece with white or grey yarns. 
The method of obtaining the solid border is rather ingenious, 
and is as follows. 

A coloured end is placed at each side of the warp, and 
this thread hangs loose from the bobbin, so that not much 
force is required to pull the thread into the border.* The 
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warp ends forming the border are on separate staves from 
the ground ends, and lift so as to allow two picks to go 
through each shed while the middle weaves ordinary plain 
cloth. 

The coloured end A (Fig. 398) is lifted every other pick, 
and the shuttle containing the white weft will pass round it, 
and as the shed is not changed in 
the border ends, the coloured thread 
is taken into the border, thus form- 
ing a solid coloured border on an 


CP 


l«t |J- I— '-p 
Fig. 398. 


fww 



Fig. 399. 


ordinary grey or white cloth. In the border, there will be 
two picks in a shed. 

The point paper plan showing the difference in the shedding 
between the border and the middle is given at Fig. 399. The 
coloured thread from the bottom may be lifted by the plain 
staves. 

Direction of the Twist in Yarns.— Warp yarns are 
usually twisted so as to show the lines of the twist from right 
to left, and weft yams are twisted in the opposite direction. 
The reason for this is that when the yarns are woven into 
cloth the lines of both warp and weft run in the same direction, 
and the threads become embedded together as closely as 
possible through the strands falling into each other. This is 
shown at Fig. 400, where at A and B the warp and weft yarns 
are shown laid side by side. At C the same yarns are shown 
as la® in the cloth, when it will be seen that the lines of twist 
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appear in the same Idirection, and the threads have thus a 
chance of getting together as closely as possible. 

If the weft is spun in the same direction as the warp, or 
“ twist way,” as it is termed, when woven the lines or strands 
appear in opposite directions, 
and each thread has a tendency 
to be kept apart from the others, 
and appears separately. This, if 
anything, makes the cloth feel 
slightly thicker, and is preferred 
by many for certain purposes, 
including some classes of printing 
cloths. The finer appearance is obtained by the yarns spun 
in opposite directions. 

In twill and satin cloths, and similar fabrics, the direction of 




Fig. 401. 


the twist has a very important bearing upon the appearance of 
the fabric. 

The finest and closest effect is obtained by using warp and 
weft yarns spun in opposite directions, so that when woven 
the lines appear in the same direction, and the direction of the 
twill should be opposite to both. This is why one side of a 
twill cloth has a finer appearance than the other, as the’ twill 
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runs against the lines on one side, and \’^ith the lines on the 
other side of the cloth, the former having the finer appearance. 
Fig. 401 shows the yarns spun oppositely, and the twill 
running in a direction opposite to the lines. 

In sateen cloths there is a kind of twill in one direction, as 
shown in Fig. 402, and the above principle applies to this as 
well as regular twills. 

It often occurs that for printing and dyeing purposes the 
weft is preferred spun “ twist way,” 
and as the weft greatly predomi- 
nates over the warp, the direction 
of the twill should be contrary to 
the lines of the weft. Not much 
Fig. 402. difference is noticeable in the 

better makes of cloth, but when 
there are few picks, a frayed appearance is often produced if 
the direction of the twill is not reversed. 

To keep the twill in a given direction, the twist may be 
spun weft way ” to give the desired effect. 

In very small twills, such as Jeannettes, a more decided 
twill is obtained by using weft spun in the same way as the 
twist or warp yarns, but in larger twills the best effect is 
obtained in the opposite manner. 
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TEXTILE CALCULATIONS 

The numbers of cotton yarns are based upon the hank of 840 
yards, the number of hanks in i lb. being the counts.'’ 

It follows that if 840 — the yards in one hank — be multiplied 
by the counts, the result will be the yards in i lb. of that count. 

Thus in i lb. of 30’s yarn there will be 840 x 30 = 25,200 
yards, and the yards in a pound of any count may be found in 
the same manner. 

The counts of worsted yarns are based upon a bank of 560 
yards, and the number of hanks in i lb. Avoirdupois is the 
count of the yarn. 

Linen yarns are based on a hank or lea of 300 yards, and 
the number of these in i lb. is the count of the yarn. 

Spun silk, which is the silk chiefly used in cotton fabrics 
for stripes and headings, is numbered on the same system 
as cotton yarns. The number of hanks of 840 yards in i lb. is 
the count of the yarn. 

Net silks or thrown silks are numbered on an altogether 
dijEFerent system. The “skein” or hank is 520 yards, and the 
number of deniers — 533I deniers = i oz. — which a skein 
weighs indicates the number of the yarn. In silk manufacture 
the number of the yarn is called the “ size,” the word “ count” 
being used to denote the closeness of the reed. 

Another system is used for silk yarns called the Manchester 
scale. This is based upon the hank of 1,000 yards. 
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The number of drams which one such hank weighs is the 
‘‘ size ” or number of the yarn or thread. 

In the former scale the yards per ounce may be found by 
multiplying the yards in a hank by the deniers in one ounce, 
and dividing by the number of deniers which a hank weighs. 

The yards in an ounce of 40 denier silk will be — 

deniers per’oz. yards in skein 

In the Manchester silk scale the yards per ounce of a 
4 dram silk may be found by multiplying r,ooo, the yards in a 
hank, by 16, the drams in an ounce, and dividing by the 
number of drams which the hank weighs, viz. 4 ; thus — 

1000 X 16 j 

— = 4000 yards per oz. 

Twofold Yarns in cotton, worsted, and linen are numbered 
according to the count of the single yarn, with the number of 
folds put before it. Thus a 2-40’s yarn means that the yarn is 
composed of two threads of 40’s single, making a twofold yarn 
of 20 hanks to the pound. 

In spun silk the yarns are nearly always two or more fold, 
and the number of the yarn always indicates the number of 
hanks in i lb. The number of folds is usually written after 
the hanks per pound. Thus, 4o’s-2 spun silk indicates that 
the yarn is 40 hanks to the pound, made up of two threads 
of 8o’s single. 

It sometimes occurs in fancy yarns that threads of unequal 
thickness are twisted together. If a 6o’s thread and a 40’s 
thread are twisted together, the count of the doubled thread 
will not be the same as if two threads of 50 hanks to the pound, 
but will be something less than this. 

It is obvious that when the two threads are twisted together 
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the weight of a hanb of the doubled thread will be ^ of 
a pound, and by adding these fractions together the counts of 
the twofold yarn may be obtained. Thus — 

4. ^ = 3 _±^ = yfo = 24’s counts. 

Another method of obtaining the same result is to multiply 
the two numbers together, and add them together, and divide 
one result by the other. Thus — 

60 60 

40 40 

100) 2400 (24^8 counts. 

2400 


If three or more unequal threads are twisted together 
the counts of the resulting thread may be found by adding 
the fractions of a pound which a hank of each count represents. 

Example . — Find the counts of a threefold thread composed of one 
thread each of lo’s, 20’s and 6o’s cotton. 

A + j's + ifc = ^ = i'S =h or 6’s counts. 

Some allowance must be made for the twisting of the 
threads, but this will vary with the number of turns per inch in 
the yarn, and so is not taken into account in the example. 

If it is required to obtain the weight of each count in 100 
lbs. of the threefold yarn, the following is the method. 

As one count is to the resulting count, so is the total weight 
to the weight required of that yarn — 

10 : 6 : : 100 : 60 lbs. of lo's 
20:6:: 100 : 30 lbs. of 2o’s 
60 ; 6 : : 100 : 10 lbs. of 6o’s 

TOO lbs. Total. 

V 
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Reeds and Setts. — ^The system of numbering reeds, 
now almost universal in the cotton trade, is known as the 
Stockport or Manchester count. The number of dents or splits 
per inch in the reed with two ends in each dent is the basis of 
the system. If the reed has 30 dents per inch, it is called a 
60 reed, because if there are two ends in a dent in the 30 
dents there will be 60 ends per inch. The number of the reed 
is always the same as the ends per inch in the reed, if the ends 
are all two in a dent. 

A 60 reed Stockport counts, if reeded three ends in a dent, 
will have 90 ends per inch, because a 60 reed has 30 dents 
per inch, and if there are three in a dent, there will be 30 X 3 
= 90 ends per inch. 

Various other systems have been used, but are gradually 
giving way to the simpler Stockport or Manchester system. 
Some of these are — 

The Bolton count, in which the number of “beers” of 
40 ends, or 20 dents, in 24^ inches is the basis of the system. 

The Blackburn count, in which the number of beers in 
45 inches was the basis. The beer, as above, being 20 dents, 
representing 40 ends in a beer. 

The Preston count was based on the number of beers in 
different widths. 

The 6-4 count was based on the number of beers of 20 dents 
— representing 40 ends — ^in 58 inches. 

The 9-8’s count was based on the number of beers in 44 
inches. 

The 4-4’s count was based on the beers in 39 inches. 

The 7-8’s count was based on the beers in 34 inches. 

The Scotch system is based on the number of dents in 37 
inches. Thus in a 2000 reed there will be 2000 dents in 37 
inches, representing 4000 ends in that space. 

The Bradford system is based on the number of beers of 
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40 ends in 36 inckes. If there are 50 times 40 ends in 36 
inches, it is a ‘‘ 50 sett.” 

To find the number of ends per inch in a given sett, it is 
necessary to multiply the sett by 40 and divide by 36, thus 

50 sett X 40 ^^20 j 

= 55^ ends per inch. 

Quantity of Material in a Piece.— To find the weight 
of warp and weft of given counts in a piece, the total length of 
yarn in the piece may be found, and divided by the yards in 
I lb. of the counts of yarn used. This will give the weight 
in pounds. The following example will make the principle 
quite clear : — 

ExmnpU,—Y\x\.^ the weight of warp and weft in a piece woven 
30 inches wide in a 70 reed (Stockport) cloth 90 yards long, from 
95 yards of warp, 80 picks per inch, the counts of twist or warp being 
30’s, and counts of weft 40’s. 

If the piece is 90 yards long, the length of warp used 
will be somewhat in excess of this, as the warp in inter- 
lacing with the weft is bent out of a straight line. The 
amount of “milling up,” as it is called, varies according to 
the number of intersections in the pattern or weave of 
the cloth, and with the counts of yam used. It will also 
vary considerably according to the elasticity of the yarn. 
Twofold yarns are more elastic than single, and therefore 
will require a shorter length of yarn for a given length of cloth. 

In this example 95 yards of warp are used to weave 
a 90-yards piece, an allowance of a little over 5 per cent. 

In making the calculation for the weft it is necessary to 
take the width in the reed, as this length of weft is used every 
pick. The cloth will contract a little owing to the pull of the 
threads when woven, and when calculating for a given width 
of cloth care must be taken to calculate for the reed width and 
not the cloth width only. 
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In the present example the width in th <5 reed is given, and 
so the cloth will be somewhat narrower than this when woven. 

To FIND Weight of Warp. 

840 yards in i hank 70 ends per inch 

30 counts 3^ inches in reed 

2c;2oo yards in i lb. 2100 ends in warp 

95 yards long 

10500 

18900 

199500 yards of twist in piece. 

yards 

I0Q5OO n o 

Therefore, weight of warp = = 7 ‘hs. i4f oz. 

yds. in i lb. 


To FIND Weight of Weft. 

840 yards in i hank 8o picks per inch 
30 inches in reed 

33600 yards in i lb. 2400 inches of weft in i inch of cloth 

36 inches in i yard 


14400 

7200 

36 ) 86400 inches of weft in i yard of cloth 

2400 yards of weft in i yard of cloth 
90 yards length of piece 

216000 yards of weft in piece. 

Therefore, weight of weft = ^ 

Weight of weft = 6 lbs. 6f oz. 

Whight of warp = 7 lbs. 14I oz. 



Textile Calculations 


293 

In the weft cafculation, the picks per inch multiplied by 
the width in the reed in inches gives the inches of weft in one 
inch of cloth. This multiplied by 36 will give the inches of 
weft in one yard of cloth, and divided by 36, this gives the 
yards of weft in one yard of cloth. The two 36’s may be left 
out, as it is obvious that the yards of weft in a yard of cloth 
are the same as the inches of weft in an inch of cloth. The 
formula to calculate the weight of warp in a piece is as follows : — 

Inches in reed X length of warp in yards X ends per inch in reed 
840 X counts 
= weight of warp. 

The formula for the weft is — 

Inches in reed X length of piece in yards X picks per inch 
840 X counts 
= weight of weft 

Working out the previous calculation in this manner, we get — 

3 ? . = 7 lbs. i4§ oz. of warp, 

840 X 30 ' 

840 X 40 ^ 

If it is required to find the number of hanks, it is only necessary 
to leave out the counts in the above formulse. Thus we get — 

Inches wide X length X ends per inch _ 

and using the figures in the previous example — 

= 237!: hanks of warp. 

840 

Before the actual cost of a piece of cloth can be calculated, 
it is necessary to know the price to be paid the weaver. In 
Lancashire the payment is made according to the list agreed 
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upon by both employers and employed. For plain cloths and 
twills a new uniform list has been agreed upon, and this is 
now generally accepted. The follcwing is the new list : — 


UNIFORM LIST OF PRICES FOR WEAVING. 

1. The Standard. — The standard upon which this list is 
based is an ordinary loom, 45 inches reed space, measured 
from the fork grate on one side to the back board on the 
other, weaving cloth as follows : — 

Width : 39, 40, 41 inches. 

Reed : 60 reed, 2 ends in a dent, or 60 ends per inch. 

Picks : 15 picks per quarter-inch, ascertained by arith- 
metical calculation, with per cent, added for contraction. 

Length : 100 yards, 36 inches to the yard, measured on the 
counter. Any length of lap other than 36 inches to be paid in 
proportion. 

Twist : 28’s, or any finer numbers. 

Weft: 31’s to I oo’s inclusive. 

Price 2^. 6^., or 2^. per pick, per quarter-inch. 

2. Width of Looms. — A 4 5 -inch reed space loom being 
taken as the standard, per cent, shall be added for each inch 
up to and including 51 inches; 2 per cent, from 51 to 56 
inches ; 2\ per cent, from 56 to 64 inches ; and 3 per cent, 
from 64 to 72 inches. 

I J per cent, shall be deducted for each inch from 45 to 37 
inches inclusive, and i per cent, from 37 to 24 inches, below 
which no further deduction shall be made. For any fraction of an 
inch up to the half no addition or deduction shall be made ; but 
if over the half, the same shall be paid as if it were a full inch. 

All additions or deductions under this clause to be added 
to, or taken from, the price of the standard loom 45 inches. 
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Deducted from Standard. 


Loom. 

Percentage, 

Loom. 

Percentage. 

Inches. 


Inches. 


24 

23 

35 

12 

25 

22 

36 

11 

26 

21 

37 

10 

27 

20 

38 

8| 

28 

19 1 

39 


29 

18 1 

40 

\ 

30 

17 


\ 5 

31 

16 1 

42 1 

3l 

32 

15 j 

43 • 1 

1 2 \ 

33 

14 

44 i 

I? 

34 

13 ' 

45 

standard 


Added to Standard. 


Loom. 

Percentage. 

Loom. 

Percentage. 

Inches. 


Inches. 


46 


59 

26^ 

47 

3 

60 

29 

48 

4 a 

61 

3 ia 

49 

6 

62 

34 

SO 

7 i 

63 


51 

9 

64 

39 

52 

11 

65 

42 

53 

13 

66 

45 

54 

IS 

67 

48 

55 I 

17 

68 

SI 

56 

19 

69 

54 

57 

2Iri 

70 

57 

58 

34 

71 

60 

1 


72 

63 

! 


3. Broader Cloth than admitted by Rule. — All 

looms shall be allowed to weave to within 4 inches of the 
reed space; but whenever the difference between the width 
of cloth and the reed space is less than 4 inches, it shall be 
paid as if the loom were 1 inch broader : and if less than 
3 inches, as if it were 2 \ inches broader. 

4. Allowance for Cloth 7 to 15 inches narrower 
than the Rded Space. — When the cloth is from 7 to 15 
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inches narrower than the reed space of the loom in which it is 
woven, a deduction in accordance with the following table 
shall be made : — 


Deductions for Narrow Cloth. 


Reed 

space. 

Cloth. 

Per cent. 

Reed 

space. 

Cloth. 

Per 

cent. 

Reed 

space. 

Cloth. 

Per 

cent. 

72 

65 

1-38 

68 

56 

8'44 

63 

55 

27s 

72 

64 

276 

68 

55 

9-69 

63 

54 

4*12 

72 

63 

4*14 

68 

54 

10*93 

63 

53 

S'49 

72 

62 

5*52 

68 

53 

12*17 

63 

52 

6*87 

72 

6i 

6-9 

67 

60 

1*52 

63 

51 

8*24 

72 

60 

8*28 

67 

59 

3*04 

63 

SO 

9*62 

72 

59 

9*66 

67 

S8 

4'S6 

63 

49 

10*71 

72 

5S 

1 1 ‘04 

67 

57 

5-83 

63 

48 

irSi 

72 

57 

12*19 

67 

56 

7*09 

62 

55 

1*4 

71 

64 

1*41 

67 

55 

8-36 

62 

54 

2*8 

71 

63 

2*81 

67 

54 

9'63 

62 

53 

4*2 

71 

62 

4*22 

67 

53 

10*9 

62 

52 

5*6 

71 

61 

5*62 

67 

52 

I2 *i 6 

62 

51 

7*0 

71 

60 

7*03 

66 

59 

1*55 

62 

50 

8-4 

71 

59 

8-44 

66 

58 

3*1 

62 

49 

9*51 

71 

58 

9-84 

66 

57 

4*4 

62 

48 

10*63 

71 

57 

11*02 

66 

56 

5'69 

62 

47 

11*75 

71 

S6 

12*19 

66 

55 

6*98 

61 

54 

1*43 

70 

63 

1*43 

66 

54 

8*28 

61 

53 

2*85 

70 

62 

2*87 

66 

53 

9*57 

61 

52 

4*28 

70 

61 

4*3 

66 

52 

10*86 

61 

51 

5*7 

70 

60 

5*73 

66 

51 

I2 *i 6 

6i 

SO 

7*13 

70 

59 

7*17 

65 

58 

1*58 

61 

49 

8*27 

70 

5S 

8*6 

^5 

57 

2*91 

61 

48 

9*41 

70 

i>l 

9'79 

65 

56 

4*23 

61 

47 

10*55 

70 

56 

10*99 

65 

55 

5*55 

61 

46 

11*69 

70 

55 

I2 *i 8 

65 

54 

6*87 

60 

53 

1*45 

69 

62 

1*46 

^5 

53 

8*19 

60 

52 

2*91 

69 

61 

2*92 

65 

52 

9*51 

60 

SI 

4*36 

69 

60 

4‘38 

65 

51 

10*83 

60 

50 

5*8i 

69 

59 

5'84 


50 

12*15 

60 

49 

6*98 

69 

58 

7’3i 

64 

57 

1*35 

60 

48 

8*14 

69 

57 

8*52 

64 

56 

2*7 

60 

47 

9*3 


56 

9*74 

64 

55 

4*05 

60 

46 

10*47 

69 

55 

10*96 

64 

54 

5*4 

60 

45 

11*63 

69 

54 

I2 *i 8 

64 

53 

6*74 

59 

52 

1*48 

68 

61 

1*49 

64 

52 

8*09 

59 

51 

2*96 

68 

60 

2*98 

64 

51 

9*44 

59 

50 

4*45 

68 

59 

4*47 

64 

SO 

10*79 

59 

49 

5*63 

68 

58 

S‘96 

64 

49 

11*87 

59 

48 

6*82 

68 ' 

i 57 

7-2 

63 

56 

1*37 

59 

47 

8*0 
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Deductions for Narrow Cloth — continued. 


Reed 

space. 

Cloth. 

Per cent. 

Reed 

space. 

Cloth. 

Per 

cent. 

Reed 

space. 

Cloth. 

Per 

cent. 

59 

46 

9-19 

54 

40 

8*8 

49 

34 

8*67 

59 

45 

10-38 

54 

39 

978 

' 48 

41 

i*o8 

59 

44 

11*26 

53 

46 

1*33 

48 

40 

2*15 

58 

51 

1-51 

53 

45 

■ 2*65 

; 48 

39 

3*23 

5 ! 

50 

3-02 

53 

44 

3*65 

48 

38 

4*13 

58 

49 

4*23 

53 

43 

4'65 

48 

37 

5*02 

5 ! 

48 


53 

42 

S '64 

48 

36 

5*92 

58 

47 

®'ol 

53 

41 

6*64 

48 

35 

6*82 

58 

46 

7*86 

53 

40 

7'63 

48 

34 

7*72 

58 

45 

9-07 

53 

39 

8-63 

48 

33 

8*61 

58 

44 

9-98 

53 

38 

9*42 

47 

40 

1*09 

58 

43 

10*89 

52 

45 

1*35 

47 

39 

2*18 

57 

50 

1*54 

52 

44 

2*36 

47 

38 

3*09 

57 

49 

2*78 

52 

43 

378 

47 

37 

4*0 

57 

48 

4-01 

52 

42 

4’39 

47 

36 

4*91 

57 

47 


52 

41 

5*41 

47 

35 

5*83 

57 

46 

6-48 

52 

40 

6*42 

47 

34 

674 

57 

45 

772 

52 

39 

7*43 

47 

33 

7'65 

57 

44 

8*64 

52 

38 

8*28 

47 

32 

8*56 

57 

43 

9*57 

52 

37 

9*12 

46 

39 

rii 

57 

42 

10*49 

51 

44 

1*03 

46 

38 

2*03 

56 

49 

1*26 

51 

43 

2*06 

46 

37 

2*96 

56 

48 

2-52 

51 

42 

3*1 

46 

36 

1 3*88 

56 

1 

378 

51 

41 

4*13 

46 

35 

4*8 

5^ 

46 

S'o 4 

51 

40 

5*16 

46 

34 

5*73 

56 

^ 45 

6'3 

51 

39 

6*19 

46 

33 

6*65 

56 

44 

7-25 

51 

38 

7*05 

46 

32 

7*57 

56 

43 

8*19 

51 

37 

7*91 

46 

3 x 

8*5 

56 

42 

9*14 

51 

36 

8*77 

45 

38 

0*94 

56 

41 

io*o8 

50 

43 

1*05 

45 

37 

1*87 

55 

48 

1*28 

50 

42 

2*09 

45 

36 

2*8i 

55 

47 

2*56 

50 

41 

3 *H 

45 

35 

3*75 

55 

46 

3*85 

50 

40 

4*19 

45 

34 

4-69 

55 

45 

5-13 

50 

39 

5*23 

45 

33 

5*62 

55 

44 

D'og 

50 

38 

6*1 

45 

32 

6*56 

55 

43 

7 'o 5 

50 

3 ? 

6*98 

45 

3 X 

7*5 

55 

42 

S’oi 

50 

36 

7 * 8 S 

45 

30 

8*25 

55 

41 

8*97 

50 

35 

872 

44 

37 

o '95 

55 

40 

9*94 

49 

42 

I *06 

44 

36 

1*9 

54 

47 

1*3 

49 

.41 

2*12 

44 

35 

2*85 

54 

46 

2'6i 

49 

40 

3-18 

44 

34 

3*80 

54 

45 

3 ' 9 i 

49 

39 

4 ' 2 S 

44 

33 

4*75 

54 

44 

4'89 

49 

38 

5’13 

44 

32 

5.70 

54 

43 

5-87 

49 

37 

6’oi i 

44 

31 

6*65 

54 

42 

^■8S 

49 

36 

6-9 ! 

44 

. 30 

^‘41 

54 . 

41 1 

7 ’S 3 

49 

35 1 

77S ; 

44 1 

29 

8*i6 
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Deductions for Narrow Cisym—cojitinuecL 


Reed 

space. 

Cloth. 

Per cent. 

Reed 

space. 

Cloth. 

Per 

cent. 

Reed 

space. 

Cloth. 

Per 

cent. 

43 

36 

o’g6 

38 

31 

ro3 

33 

26 

0*87 

43 


1*92 

38 

30 

1*85 

33 

25 

1*74 

43 

34 

2*88 

38 

29 

2*67 

33 

24 

2*62 

43 

33 

377 ' 

38 

28 

3*49 

33 

23 

3*49 

43 

32 

4*8i 

38 

27 

4*32 

33 

22 

4’36 

43 

31 

S 77 : 

38 

26 

5 *H 

33 

21 

S ‘23 

43 

30 

6'S4 i 

38 

25 

5 ’96 

33 

20 

6*1 

43 

29 

7*31 1 

38 

24 

6*78 

33 

19 

6*98 

43 

28 

8*08 

38 

23 

7'6o 

33 

18 

7-85 

42 

35 

0-97 , 

37 

30 

0*83 

32 

25 

0*88 

42 

34 

1*95 i 

37 

29 

1*67 

32 

24 

1*76 

42 

33 

2*92 I 

37 

28 

2*5 

32 

23 

2*65 

42 

32 

3*9 i 

37 

27 

3*33 

32 

22 

3’53 

■42 

31 

4'87 I 

37 

26 

4*17 

32 

21 

4*41 

42 

30 

5 - 6 S ! 

37 

25 


32 

20 


42 

29 

6-43 ^ 

37 

24 

5 -f 3 

32 

19 

6*i8 

42 

28 

7*21 

37 

23 

6*67 

32 

18 

7 *06 

42 

27 

7’99 

37 

22 

7*5 

31 

24 

0*89 

41 

34 

0*99 i 

36 

29 

0*84 

31 

23 

179 

41 

33 

1*97 ' 

36 

28 

1*69 

31 

22 

2*68 

4 t 

32 

2*96 

36 

27 

2*53 

31 

21 

3-57 

41 

31 

3*95 i 

36 

26 

3*37 

31 

20 

4-46 

41 

30 

4*74 

36 

25 

4*21 

31 

19 

5 '36 

41 

29 

5*52 ! 

36 

24 

5*06 

31 

18 

6-25 

41 

28 

6*32 ; 

36 

23 

5*9 

30 

23 

0-9 

41 

27 

7*11 s 

36 

22 

6*74 

30 

22 

fSl 

41 

26 

7*89 

36 

21 

7*58 

30 

21 

2*71 

40 

33 

1*0 1 

35 

28 

0*85 

30 

20 

3*61 

40 

32 

2*0 I 

35 

27 

1*7 

30 

10 

4*52 

40 

31 

3*0 

35 

26 

2*56 

30 

18 

5*42 

40 

30 

3*8 

35 

25 

3*41 

29 

22 

0*91 

40 

29 

4*6 1 

35 

24 

4*20 

29 

21 

1*83 

40 

28 

5*4 

35 

23 

5*11 

29 

20 

2*74 

40 

27 

6*2 

35 

22 

5*97 

29 

19 

3*66 

40 

26 

7*0 

35 

21 

6*82 

29 

18 

4*57 

40 

25 

7*8 

35 

20 

7*67 

28 

21 

0*93 

39 

32 

1*01 

34 

27 

0*86 

28 

20 

1*85 

39 

31 

2*03 

34 

26 

172 

28 

19 

2*78 

39 

30 

2*84 

34 

25 

2*59 

28 

18 

3*7 

39 

29 

3*65 

34 

24. 

3*45 

27 

20 

0*94 

39 

28 

4*46 

34 

23 

4*31 

27 

19 

1*87 

39 

27 

5*27 

34 

22 

5*17 

27 

18 

2*8i 

39 

26 

6*o8 

34 

21 

603 

26 

19 

0*95 

39 

2$ 

6*89 

34 

20 

6*9 

26 

18 

1*9 

39 , 

24 

7*7 

34 

19 

7*76 

25 

18 

0*96 
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No further deduction shall be made when cloth is more 
than 15 inches narrower than the reed space, or when cloth is 
narrower than 18 inches. Fractions of an inch not to be 
recognized under this clause. 

5. Reeds. — A 60 reed being taken as the standard, 
I per cent, shall be deducted for every two ends or counts 
of reed from 60 to 50, but no deduction shall be made below 
50. f per cent, shall be added for every two ends or counts of 
reed from 60 to 68, i per cent, from 68 to 100; i| per cent, 
from 100 to no; and 2 per cent, from no to 132. All 
additions or deductions under this clause to be added to or 
deducted from the price of the standard 60 reed. 


Deductions from standard. 

Additions to standard. 

Count of 
reed. 

Percentage. 

1 Count of 
! reed. 

1 

Percentage. 

j Count of 

1 reed. 

Percentage. 

SO 

3 i 

62 

' ■ 

'i 

98 

18 

52 

3 

64 

li 

100 

19 

54 


66 

2| 

102 

20| 

56 


68 

3 

104 

22 

f 

i 

70 

4 

106 

233 

60 

standard 

72 

S 

108 

25 



74 

6 

no 

26I 



76 

7 

112 

28i 



78 

8 

114 

303 



80 

9 

116 

32I 



82 

10 

118 

343 



84 

II 

120 

36I 



86 

12 

122 

38I 



88 

13 

124 

403 



90 

14 

126 

425 



92 

15 

128 

44 



94 

16 

. 130 

46I 



96 

17 

132 

48I 


6. Picks . — Low Picks . — An addition of i per cent, shall 
be made for each pick or fraction of a pick below n, 
thus : — 
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Below II to and including lo, i per cent. 

J5 >5 J) 9j ^ 

jj 9 jj 3 >> 

>3 ^ 33 33 73 4 33 

and so on, adding i per cent for each pick or fraction of a 
pick. 

High Dicks , — An addition of i per cent, shall be made for 
each pick whenever they exceed the following ; — 

Weft below 26’s. when picks exceed 16 

,5 26’s to 39's inclusive „ „ „ 18 

„ 40’s and above „ „ „ 20 


In making additions for high picks, any fraction of a pick 
less than the half shall not have any allowance ; exactly the half- 
pick shall have | per cent, added; and any fraction over 
the half-pick shall have i per cent, added. 

7. Twist. — The standard being 28’s or finer, the following 
additions shall be made when coarser twist is woven in the 
following reeds : — 

Below 28’s to 2o’s in 6410 67 reed inclusive, i per cent. 

33 33 ^8 3 ) 7 ^ 33 33 2 

33 33 72 j 3 75 33 33 3 

Below 2o’s to 14’s in 56 „ 59 „ „ i 

33 33 33 ^3 33 35 2 

33 33 ^4 35 ^7 33 35 *^3 

and so on at the same rate. 

When twist is woven in coarser reeds no addition shall 
be made. 

8 . Weft. — Ordinary Pin Cops , — The standard being 31’s 
to loo’s, both inclusive, shall be reckoned equal Above loo’s 

• I per cent, shall be added for every 10 hanks or fraction 
thereof. 


33 

33 

33 

33 

33 
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In lower niimbeBe than 31’s the following additions shall 
be made : — 

For 30’s add i per cent. 


JJ 

29’s, 28’s, add 2 per cent. 

3} 

27’s, 26’s, 

)> 3 

33 

33 

25’s, 24’s, 

» 44- 

33 

33 

23’s, 22’s, 

» 

35 

53 

2l’s, 2o’s, 

8 

33 

33 

19’s, i8’s, 


33 

33 

17’s, i6’s, 

» 13 

33 

33 

15’s, 14’s, 

„ 16 

33 


Large CoJ>s . — When weft of the following counts is spun 
into large cops, so that there are not more than nineteen 
cops to the lb., the following additions shall be made in 
place of the allowance provided for pin cops in the pre- 
ceding table : — 

For 29’s, 28’s, add i per cent. 


35 

27’S, 26’s, 

33 

2 

33 

33 

25’S, 24’S, 23’S, 

33 

3 

35 

33 

22’s, 2l’s, 20’S, 

33 


33 

33 

19’s, i8’s. 

33 

6 

33 

33 

17’s, i6’s. 

33 

8 

33 

33 

15’s, 14’s, 

33 

10 

33 


9. Four-Stave Twills. — Low Picks,— In four-stave 
twills an addition of i per cent, for each pick or fraction 
thereof below the picks mentioned in the following table shall 
be made when using weft as follows : — 

Below 26’s, the addition shall begin at 13 
26’s to 39’s, inclusive, „ „ ,,14 
40’ s*and above, „ „ 15 
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High Picks . — When using weft — 

Below 26^8, the addition for high picks shall begin at 21 

2 6’s to 39’s, inclusive, „ „ „ „ „ 22 

40’s and above, „ „ „ „ „ 23 

In making additions for high picks any fraction of a pick 
less than the half shall not have any allowance ; exactly the 
half-pick shall have i per cent, added, and any fraction over 
the half shall have the full i per cent, added. 

10. Splits. — ^The following additions shall be made for 
splits : — 

One split uncut, add 5 per cent. 

Two splits „ „ „ 

Empty dents shall not be considered splits. 

11. All the foregoing additions and deductions shall be 
made separately. 

This list is subject to a deduction of 10 per cent. 


For fancy cloths the CHORLEY LIST, 1886, is the one 
most commonly used. This is as follows : — 


Double-Lift Jacquards. — To be paid tke 


i^ollowing 


over plain cloth prices : — 

\ 

For cloths with plain grounds, 30 per cen'b 
For cloths with satin grounds, 25 „ 


Brocades, damasks, and crammed stripes with three or 
more ends in a dent, to be paid for by the number of ends per 
inch, 

Picks 18 to 30 per quarter inch, i per cent, per T;ck ; 
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from 30 to 40 pic]?s, f per cent. ; all above 40 picks, - per 
cent, instead of i per cent. 

Lace brocades, 5 per cent, extra. 

Single-lift jacquards to be paid 10 per cent, about double- 
lift machines. 

The above applies to Jacquards only. 

Dobby and Tappet Looms (except Satins).-“To 

be paid the following above plain cloth prices — 

Up to and including — 


4 staves 1 2 per cent, i 

13 

staves 21 per cent. 

5 

13 

3 J 1 

14 

JJ 

22 

JJ 

6 „ 

14 

JJ 

IS 

JJ 

23 

JJ 

7 

15 

}J 

16 

JJ 

24 

JJ 

8 „ 

16 

JJ 

17 

JJ 

25 

JJ 

9 r 

17 

JJ 

iS 

JJ 

26 

JJ 

10 „ 

18 

JJ 

19 

JJ 

27 

JJ 

II » 

19 

J> 

20 

JJ 

28 

JJ 

12 „ 

20 

JJ 






Stripes and other cloths with three or more ends in a dent 
to be paid for by the number of ends per inch. 

In single-shuttle checks, handkerchiefs, and all special 
classes of goods in which more than one pick is put in one 
shed, all lost picks shall be counted. 

Plain handkerchiefs, 72 reeds and below, to be paid 5 per 
cent, extra. 

Single-shuttle cord checks with more than two picks in one 
shed to be paid 2| per cent. less. 

Lace stripes and other special classes of goods shall be paid 
extra as per special arrangement to be agreed upon by Em- 
ployers’ and Operatives’ Associations. 
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The following example will show the n^ethod of calculating 
the price to be paid for weaving under the Uniform List : — 

Example , — Find tlie weaving price of a. '4-inch cloth, 40 yards long, 
woven in a loom 48-incli reed space, 92 reed, 30 picks per quarter-inch, 
40’s twist, 6o’s weft. 

2d, per pick standard 

-09 = 4I per cent, added for reed space 

2*09 

•3135 =15 per cent, added for reed 

2*4035 = price per pick, 100 yards, with standard picks 

30 picks 

72*1050 = price for 30 picks 100 yards 

40 yards 

100 )2884*2000 

28*84200 = price for 40 yards 

2*884200 = 10 per cent, added for high picks 
31*726200 Total. 

From this must be deducted 10 per cent., as per agree- 
ment, which will give 28*5535 pence as the actual price to be 
paid for weaving this piece of cloth. 

The following example includes the allowance for narrow 
cloth woven in broad looms : — 

Example , — Find the weaving price for 38-inch cloth woven in a 48-inch 
reed space loom, 50 reed, 507 dividend, 50 change wheel, 75 yards long, 
32’s twist, 36’s weft. 

2d, per pick standard 

0*9 = 4-1 per cent, added for reed space 

2*09 

*078375 = 3*75 per cent, deducted for reed 
2 *01762 5 = price per pick, 100 yards, 50 reed, 48-inch loom. 

^ = 10*14 picks per quarter inch. 

2*0116 X 10*14 picks X 75 yards 
100 yards 

= 15*283218 price for 75 yards 

*152832 = I per cent, added for pick 

15*436050 

•637508 = 4*13 per cent, deducted for narrow cloth 
14*798542 = price per list 

I *4798542 = 10 per cent, deduction 
1^3186878 =,net price. 
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In making the additions and deductions it is important that 
they should be made in the above order. 

The Cost of a Piece of Cloth. — Besides the cost of 
material and the weaving wage, the expenses of the manufac- 
turer must be taken into account. When a manufacturer 
makes only one kind of cloth, his expenses will obviously not 
be so proportionately great as another manufacturer’s who only 
takes a single order of a particular -make. The expenses also 
vary with the district and distance from the market, and with 
other circumstances. 

A manufacturer knows from experience exactly what 
amount of expenses to allow in different classes of fabrics in his 
own case, and in quoting prices for plain or fancy cloths he 
usually includes under the terra “ expenses ” all the items of 
cost from the carriage of the yarn to the delivery of the cloth, 
including winding, warping, sizing, waste, and other fixed 
expenses in the mill. 

The expenses are usually calculated in proportion to the 
weaving wage, and a manufacturer quotes “ double weaving ” 
or “ three times weaving,” according to the class of fabric in 
question. 

The following example will illustrate the principle of esti- 
mating the cost of a piece. 

Find the cost of a piece, 34 inches full, 75 yards s.s. (short 
stick), 19 X 18, 32’s/4o’s. Twist at 7//. per lb., weft at 7 j^. 
per lb. 

Weaving 2s, Expenses equal to weaving. 

The 34-inch cloth would stand, say, 36 inches in the reed. 
The 75-yards cloth, “ short stick,” or 36 inches to the yard, will 
require, say, 78 yards of warp. 

A cloth counting 19 X 18, nominal, is usually woven in a 
68 or 70 reed, and the picks per inch will be about 66 or 67 
actually. 


X 
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Assuming that the cloth stands 36 inches in a 70 reed, and 
the picks per inch are 67, we get — 


36 inches X 78 yards X 70 reed X 7^. 
840 X32's 


5 1 • I cost of twist, 


and 

3 6 inches X 75 yards X 67 picks X 
840 X 40’s 


40* 3 8^:/., cost of weft. 


d. 

5 1*188 cost of twist 
40*38 cost of weft 
24*00 weaving wage 
24*00 expenses 


139*568 cost of piece = iii*. 7W, 


The amount allowed for expenses in the preceding example 
IS perhaps sufficient for most cloths woven on dobbies, but more 
is required for jacquard-woven fabrics. 

If iis. is quoted for the above cloth, the price is said 
to be based on double weaving.” 

For jacquard fabrics the price is usually based on 2-^- to 3 
times weaving, and in special cases, such as new styles, an extra 
profit is put upon the 3-times weaving. 

Sometimes the expenses are said to be 5 or 10 per cent, 
more than weaving. If the weaving wage were 2^. 6^., and the 
expenses 10 per cent, more than weaving, the expenses would 
be 2s, gd. 

Contraction. — ^The length of warp required to weave a 
piece of a given length will vary with the pattern or weave of 
the cloth, and depends also on the elasticity of the yarn and 
the counts of both warp and weft. Owing to this difference 
in the elasticity of various classes of yarns, and the variation in 
the elasticity of the same yarn at different degrees of tension, 
it is*^ impossible to lay down rules for the calculation of the 



Textile Calculations 


307 


exact warp length for a given length of piece, or for the exact 
width in the reed for a required width of piece. The length of 
warp required can only be obtained with exactness from 
experience, especially in fancy cloths. 

As previously stated, twofold yarns are more elastic than 
single; indeed, with some kinds of twofold American yarns, 
such as are used in velvets, the percentage of contraction 
becomes less with an increase in the number of picks, owing to 
the increase of tension upon the yarn, which causes it to stretch 
more. 

Roughly, the amount of contraction to allow in the warp 
can be obtained by taking into account the counts of weft and 
the number of intersections which the warp makes with the 
weft. The thicker the counts of weft the more the warp will 
be bent out of a straight line, also with an increase in the 
number of picks the amount of take-up or contraction will 
increase. This does not vary in a regular manner, as the angle 
which the warp makes in bending over the weft changes with 
any variation in the picks. Furthermore, the greater the ten- 
sion on the warp yarn the more it will stretch, and also the 
more it will compress the weft at the point of intersection. 

A rough estimate only can therefore be made if there is no 
previous experience in the same class of goods to guide the 
manufacturer. 

A method of roughly estimating the percentage of milling- 
up of the warp is to multiply the intersections of the warp 
per inch by a number found by experience to give the 
right result, and to divide this product by the counts of weft 
used. 

For rather heavily picked cloths the multiplier 4 gives a 
fairly accurate result, and in cloths with a medium number of 
picks and medium counts the multiplier 3 will be used. In 
some classes of goods the multiplier requires to be 5 ; but when 
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a correct multiplier is found for a certain cfass of goods, it will 
serve for changes in that class. The system is certainly not 
accurate in all cases, but it embraces roughly the different 
causes which alter the percentage of contraction or milling-up 
in the warp, and is therefore of some use in practice. 

Example . — Find the length of warp required to weave a piece of 5 -stave 
satin 94 yards long (36 inches to the yard), 94 reed, 180 picks per inch, 
6o’s twist, 70’s weft. 

The number of intersections per inch will be two-fifths of the number of 
picks, as the w^aiqD intersects twice every five picks or pattern. 

180 X I = 72 intersections per inch ; 

and — = 4 per cent, contraction. 

70 s counts 

The length of warp required to weave the 94 yards piece would there- 
fore, roughly, be 98 yards. 

In a plain cloth the contraction is much more than in a 
satin, and the percentage is greater in heavily picked cloths 
than light ones. 

In a plain cloth of, say, 120 picks per inch, 6o’s twist, 70’s 
weft, the percentage of take-up will roughly be as follows : — 

Intersections per inch =120 

4 

70)480(6! per cent, contraction. 

420 

60 

In a plain cloth the warp intersects every pick, and so the 
intersections per inch are the same as the ends per inch. In 
a “ two and two ” twill the warp intersects twice in four* picks, 
and the intersections per inch will be one-half the picks. 

In more medium cloths the multiplier 3 is used; as, fpr 
example : — 



Textile Calcnlations 


309 


Find percentage of contraction in a piece of plain cloth 
woven with 60 picks per inch, 32’s twist, 40's weft. 


3 

40’s counts 


4~ per cent. 


In fancy cloths experience is the only guide as to the warp 
length required, but in striped cloths and similar fabrics woven 
from one beam the contraction of the whole will be that of the 
tightest weave in the pattern. 

In a fabric in which there are only a few plain ends in the 
pattern, the other ends being loosely interwoven, it does not 
follow that the take-up will be as much as in a plain cloth, as 
the plain ends will compress the weft more at the point of inter- 
section than could occur if all the ends were weaving plain. 

Testing Yarn. — It often occurs that only a short length 
of yarn is available for being weighted when it is required to 
test it for the counts. If it is required to test the weft in a 
piece of grey cloth it is usual to take out of the cloth 120 
yards, or one “ lea.” This is one-seventh of a hank, and there- 
fore if the weight of 120 yards is divided into 1,000 grains — 
the one-seventh part of a pound — the quotient will be the 
counts of the yarn. The reason of this will be obvious when 
it is remembered that if the weight of one hank is divided into 
7000 grains, or i lb., the result is the number of hanks in 
I lb., or the counts. 

The counts are based upon the number of hanks in i lb. 
avoirdupois, and as this weight is not suitable for weighing 
small quantities, it is necessary to weigh them in Troy weight. 
As nearly as possible 7000 grains Troy = i lb. avoirdupois. 


Example , — If 120 yards of cotton weft weighs 20 grains, what counts 
is it ? 


If it is required to know the number of grains whi?h 120 
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yards of any count should weigh, the method of procedure is 
the reverse of the foregoing. 

Example, — How many grains should 120 yards of 40’s yarn weigh ? 

= 25 grains. 

40 s counts 

When testing the counts of cops, it is usual to wrap two, 
three, or four cops, in order to arrive at a more satisfactory test. 

If two leas, or two-sevenths of a hank, are weighed, the 
counts can be obtained by dividing the weight into 2000 
grains, or two-sevenths of i lb. If three leas, or 360 yards, are 
weighed, divide the weight into 3000 grains, and the result is 
the counts. If 480 yards are weighed, the dividend is 4000 ; 
if 600 yards, or five leas, are weighed, the dividend will be 
5000; if six leas, or 720 yards, are weighed, the dividend is 
6000; and when seven leas, or one hank, is weighed, the 
dividend will be 7000 grains, or i lb. 

As it takes a considerable time to take 120 yards of weft 
out of a piece, a shorter length is often weighed and the counts 
found therefrom. A balance is extensively used which registers 
the counts when twenty yards of yarn are put upon the pointer. 
This is a very useful, though not always accurate, method. 

When any odd length of yarn is weighed, the counts may 
be obtained by proportion, thus — 

If 34 yards of yarn have been found to weigh 8 grains, 
what count is it ? 

The yards in i lb. can first be found as follows : — 

grains grains yards 

8 : 7000 : : 34 
M . 

8)238000 

29750 yards in i lb. ; 

and this divided by 840 will give the counts, thus : — 

20750 

= 35'4i counts. 
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From this we gefethe formula:- — • 


7000 X y ards we ighed 
840 X counts 


= counts. 


This is a very useful formula, as when only a small piece 
of cloth is available to be tested it is necessary to get as near 
as possible to the counts from weighing sometimes only 10 or 
IS yards, or any odd length. 

A calculation may occur in the following form : — 

How many grains should 16 yards of 20's cotton weigh ? 

There are 840 X 20 = 16,800 yards of 20’s in i lb., or 
7000 grains. 

Then if 16,800 yards weigh 7000 grains, how many grains 
will 16 yards weigh? 

yards yards grains 

16800 : 16 :: 7000 ; 6*6 grains. 

This may be stated in a formula as follows : — 


7000 X yards weighed 
840 X counts 


= weight in grains. 


Staiib’s Yarn Balance is a small balance which is made 
to test the counts of very small quantities of yarn. A template 
is given with the balance, and the yarn is cut into lengths 
the size of the template, about two inches. One end of the 
balance is slightly heavier than the other, and the number 
of threads the size of the template which are required to draw 
the balance indicate the counts of the yarn. If twenty threads 
or about 40 inches balance the small weight, the count of the 
yarn is 20's, and so on. 

The principle is the same as if a i lb. weight were put on 
one end of a balance, in which case the number of hanks 
required to draw the weight would indicate the counts, because 
if 20 hanks =*i lb. the counts are 20’s, and if 21 feanks 
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= I lb. the counts are 21’s. The balance may be made to 
weigh any length, according to the weight on one end of the 
balance. 

The form in which it is usually made makes it specially 
suitable for testing the counts in small patterns of a few inches. 

The test is, of course, only approximate, as could only be 
expected from weighing so short a length. 

If the foregoing examples are thoroughly understood, the 
following will not be found difficult. 

If a warp has 2000 ends, and is 500 yards long, and weighs 
60 lbs., what counts is it ? 

The ends multiplied by the length will give the total length of 
yarn in the warp, and this divided by 840 will give the hanks. If 
the hanks are divided by the weight, the result will be the counts. 

The result may be obtained at once as follows : ■— 


2000 X 500 

■ 840 X 6^ = i 9‘84 counts. 

If a beam has 2200 ends, the counts being 40’s, and the 
weight 50 lbs., find the length. 

By multiplying 40 by 840 the yards in i lb. are obtained, 
and multiplying this by 50, the yards of yarn on the beam are 
arrived at. If this is divided by the ends in the warp, the 
result will be the length of warp thus : — 


40 X 840 X 50 
2200 


763*6 yards. 


A simple method of mentally calculating the number of 
hanks in a piece is as follows : — 

A warp 84 yards long will contain just one-tenth as many 
hanks as ends. Thus a warp of 2000 ends, 84 yards long, 
contains 200 hanks. This can be proved as follows : — 

2000 X 84 , * 

5 =200 hanks. 
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The number of hanks in a warp 84 yards long can thus 
be seen at once, and it is a very simple matter to mentally 
calculate the difference for any other length. 

The hanks of weft can also be calculated mentally in a 
similar mannei*. 

If the piece is 84 yards, the counts multiplied by the width 
and divided by 10 will give the number of hanks required for 
84 yards. Thus, find the hanks of weft in a piece 34 inches 
wide, 84 yards long, 60 picks per inch. 

60 X 34 T, 1 

— ;?_T =204 hanks. 

10 

The calculation is really simpler than it looks in the above 
form, as the dividing by 10 can be done by simply pointing 
off the last figure in the product of the picks and width. The 
formula may be proved correct by working out fully as 
follows 


34 X 84 X 60 


840 


“ = 204 hanks. 


This system of mentally calculating the hanks is very 
useful, as it serves as a check upon a full calculation. 

The Firmness of Cloth. — ^The number of ends and 
picks per inch which can advantageously be put into a fabric 
depends upon the number of intersections per inch in the 
pattern or weave, and on the counts or diameters of the yarns 
used. In a plain cloth woven with 32’s twist and 32’s weft, 
the number of threads per inch which could be put into the 
cloth without undue compression would be a little more than 
one-half the number which could be laid side by side touching 
each other. The reason for this is that the warp and weft 
threads interlace with each other every pick, and therefore, 
supposing that 156 threads of 32’s occupy one inch when laid 



314 Cotton Weaving mid Designing 

side by side, one-half of these threads woiild have to be left 
out to allow of the intersection of the weft between every 
end. 

In a “ two and two ” twill the weft intersects once for every 
two ends, or twice in the pattern; therefore there are four 
threads and two intersections in the pattern. It is obvious, 
therefore, that to keep the same firmness in the twill as in the 
plain cloth with the same yarns, a larger number of threads 
per inch both in warp and weft will be required. 

To keep the same “ firmness the threads must be kept 
as close together in one cloth as in the other, and as in a plain 
cloth one-half the threads which occupy one inch are dropped 
out, so in a twill with two intersections for four ends there must 
be one-third of the ends occupying one inch left out Thus with 
32's yarn, of which the diameter is of an inch, there will 
require to be about 102 threads per inch in a ‘‘two and two ” 
twill. 

A perfectly balanced plain cloth may be defined as a cloth 
in which the warp and weft yarns are equal in diameter, and 
the spaces between the threads are equal to the diameter of 
the yarn. 

If the diameters of yarns of various counts are known, it 
is an easy matter to find the number of threads per inch which 
will produce the desired firmness in any simple weave. 

The diameters of yarns of cotton, woollen, worsted, and 
other threads are given by the late Mr. T. R. Ashenhurst in an 
excellent little work on “ Textile Calculations and the Structure 
of Fabrics,’' which has done much to promote this branch of 
the art of weaving. 

Mr. Ashenhurst estimates the diameter of a 32's cotton 
yarn at the y^th part of an inch ; but this is probably some- 
what under the mark, and in the following table I have taken 
^l^th ii>ch as the diameter of 32's. 
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The variation im the thickness of any yarn, and the fact 
that they are not strictly cylindrical, renders measurements of 
little avail, but taken in conjunction with an examination of a 
range of woven cloths, the approximate or practical diameter 
can be estimated. 


Table of Diameters of Cotton Yarns. 


Counts. 

Diameter, 

Counts. 

Diameter. 

Counts. 

Diameter. 

I 

271 

28 

HSi 

80 

246 

2 

39 

30 

I5I 

82 

249 

3 

47J 

32 

156 

84 

252 

4 

S5i 

34 

160^ 

86 

256! 

5 

62 

36 

165 

88 

2s8| 

6 

67J 

38 

169 

90 

261 

7 

73 

40 

I74i 

92 

264 

8 

78 

42 

178 

94 

267 

9 

83i 

44 

183 

96 

270 

10 

87i 

4^ 

187 

98 

272J 

II 

91 

48 

J 9 I 

100 

275J 

12 

95 

50 

195, 

105 

282 

13 

99 

52 

198I 

no 

289 

14 

103 

54 

202I 

115 

29Si 

15 

106^ 

56 

206 

120 

202 

16 

no 

58 

210 

125 

308 

17 

113 

60 

213 

130 

314 

18 

117 

62 

2 l 6 i 

13s 

320 

19 

120 

64 

220| 

140 

326 

20 

123I 

66 

224 

145 

331^ 

21 

126 

68 

227 

150 

337 

22 

I29i 

70 

230! 

160 

349 

23 ! 

132 

72 

233^ 

170 

359 

24 

135 

74 

237^ 

180 

369 

25 

138 

76 

240I 

190 

380 

26 

I40J 

78 

243 

200 

390 


The preceding is a table of the diameters of cotton yarns 
from I’s counts to 200's. The number given as the diameter 
is the number of threads which occupy the space of one 
inch when laid as close together as possible without com- 
pression. 

A perfectly*balanced plain cloth will require one-half this 
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number of threads per inch, plus, perhaps, 5 per cent, for 
the threads being forced somewhat out of the same plane in 
weaving. 

Relative Diameters of Yarns. — The “counts” of 
yarns indicate the number of hanks in i lb., and therefore a 
given length of 30’s is twice as heavy as the same length of 
6o’s ; but the diameter of the 30’s will not be twice that of 
the 6o’s, as the yarns are cylindrical, and the diameters will 
vary as the square roots of the areas, which in this case are 
as I : 2. 

If one thread is four times as heavy as another, and if it 
is of the same density — which in these calculations is assumed, 
although it is not strictly correct — the diameters of the two 
threads will be as 2 : i. For example, looking at the tables, 
the diameter of a 6o’s is seen to be the of an inch, 
whilst the diameter of a thread four times the weight, viz. 15’s, 
is seen to be of an inch, or exactly twice the diameter 
of the 6o’s thread. 

The diameter of one yarn being known, the diameter of 
any other may be obtained by the following rule : — 

Rule. — As the square root of one count is to the square 
root of another count, so is the diameter of one to the diameter 
of the other. 

Example . — If the diameter of a i6’s yarn is the xiuth part of an inch, 
find the diameter of a 36’s. 

^/i6 : ^/36 :: no 

4 : 6 : : no : 165 Ans, 

In this form the calculation necessitates the extraction of 
two square roots, and with most numbers would require the 
use of two fractions in the calculation. By squaring all the 
three terms the calculation is much simpler, as in the following 
example : — 
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Example , — If the (^ameter of a 32’s is the of an inch, what is the 
diameter of a 50’s ? 

32’s : 50’s : : 156“ ; x- 

or 32 : 50 : : 24336 ; x- 

5 ^ 

32)1216800(38025 

96 

256 

256 

64 

160 

160 

and -^38025 = 195 Ans, 

As the diameters of yarns vary as the square root of their 
counts, it follows that the diameters will always bear a certain 
relation to the yards in i lb. If this relation is once obtained, 
it becomes easy to calculate the diameter of any yarn on this 
principle. 

Taking the diameter of a 32’s yarn from the table, viz. 156, 
it will be found that this is equal to the square root of the yards 
in I lb., less 5 per cent. 

Example, 840 

3 ^ 

1680 

2520 

26880 yds. in i lb. of 32’s. 

V26880 =; 164 

8 = 5 per cent. 

156 = diameter of 32’s. 

The number of ends and picks per inch required to make 
plain cloths of equal firmness from different counts may be at 
once seen from the table of diameters, as one-half the number 
given as the diameter is required. 
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Thus if a plain cloth with 78 threadar per inch of 32's is 
taken as the standard, and it is required to make a cloth of 
equal firmness, with 6o’s yarns, the number of threads per inch 
required would be io6|. In 20’s yarns about 62 threads would 
be required. In id’s yarns 55 threads per inch, and so on. 

In twills, or other regular weaves, the following rule will give 
the number of threads per inch required of any count : — 

Rule. — As the sum of the ends and intersections in the 
pattern is to the ends, so is the diameter to the number of 
threads required. 

Example i. — How many threads per inch are required to make a 
perfectly balanced “ 2 and l ” twill cloth, with 24 yarns, warp and weft ? 

There are 3 ends and 2 intersections in the pattern ; therefore 
3 ends + 2 intersections = 5 ; 
and as 5 : 3 ends :: 135 diameter ; ^ 

3 

5 )405 

81 threads per inch required. 

Example 2. — How many threads per inch are required to make a 
perfectly balanced “ 3 up, 2 down, 2 up, 2 down twill ” with 44*3 yarns? 

In this pattern there are 9 ends and 4 intersections j therefore 
as 9 + 4 : 9 ; t ]i 83 diameter of 44’s : x 
or, as 13 *9 •• ^^3 



13)1647(126 threads per inch required 

13 

34 

26 

"87 

!! 

9 

One of the most useful purposes to which a knowledge of 
this principle can be put is in changing the weave of a fabric, 
to find the threads per inch of a given count of yarn required 
to keep the same firmness as in a sample cloth.* 
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It must be remembered that the word ‘‘ firmness is here 
used as implying that the space between the threads bears 
the same relation to the diameters of the threads in both cases, 
or, if the given cloth is perfect, the proposed one will also be 
perfect. 

Suppose it is desired to make a “ two and two ” twill of the 
same “firmness’’ as a plain cloth made with 103 threads per 
inch. 

The yarns being the same, the number of threads per inch 
required will be as the ends plus intersections in a given num- 
ber of ends in both patterns. 

In the above question the given cloth is plain, with 103 
threads per inch, and the proposed cloth is a “ two and two ” 
twill. Taking the same number of threads in each case, we 
get— 


Ends + Intersections in Ends + Intersections 
proposed twill cloth. in given plain cloth. 

4 + 2 : 4 + 4 •* 103 * 

or 6 : 8 : : 103 

8 

6)824 

Ends required in twill cloth =137^ 

It must not be forgotten that it is necessary to take an 
equal number of ends of each pattern in this class of calculation. 
In more complex patterns it is often advisable to take the 
number of ends which is the l.c.m. of the ends in the two 
patterns in order to get a complete number of intersections in 
each case. 

Another Example— li a “two and two’* twill cloth is made with 137 
’threads per inch, and it is proposed to make a cloth with the same counts of 
yarns in a “5 up, 2 down, l up, 2 down” twill, how many threads per 
inch are requirec^to keep the same firmness? 
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In 40 ends of the proposed cloth there are 16 ^tersections, and in 40 
ends of the sample cloth there are 20 intersections. 

Then as 40 4 - 16 : 40 + 20 :: 137 

or 5 ^ : 60 :: 137 

60 

56)822o(I 46'8 threads. Ans. 

262 

224 

3^0 

336 

440 

If it is required to make a cloth with the same number of 
threads as a sample cloth, and to change the pattern and keep 
the same firmness, it is necessary to change the counts on the 
following principle : — 

Rule. — As the sum of the ends and intersections in the 
sample cloth is to the sum of the ends and intersections in 
the proposed cloth, so is the square root of the counts in the 
sample to the square root of the counts in the proposed cloth. 

Example, — If a plain cloth has been made with 36’s yarns, and it is 
proposed to make a two and two” twill with the same number of threads 
per inch, find the counts required to keep the same ‘'firmness.” 

Ends + Inters. ^ Ends + Inters, 
in sample cloth. in proposed cloth. 

or 4 + 4 ; 4 + 2 :: fJ : dx 

8 : 6 ; : 6 ; 

6 

8)^ 

4 i 

And 4J“ = 20*25 counts required. 

This may be proved correct by referring to the table of 
diameters on page 315, where it will be seen that a plain cloth 
with 82I threads per inch of 36's is “perfect,” and a “ two and 
two^'lwiil with 82I threads of 2oJ's counts is equally perfect. 
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To change the Counts, the pattern and threads per 
inch remaining the same. 

If a sample cloth has 78 threads per inch of 32’s yarn, and 
it is proposed to make a cloth of the same weave with 55 
threads per inch, what counts of yarn are required to keep 
the same “ firmness ” ? 

This is simple enough. The diameters of yarns vary as the 
square root of their counts, and therefore as the threads in one 
cloth are to the threads in another, so will the square root 
of the counts in one be to the square root of the counts in the 
other. 


Threads in 

Threads in pi-oposed 

Counts in 

sample. 

cloth. 

sample. 

00 

: 55 " 

V32 

or as 78^ 

: 55' :: 

32 

6084 

: 3025 : 

32 


32 

6050 

9075 

6084)96800(15*91, or i6’s nearly = counts 
6084 required 

359^0 

On referring to the table of diameters (p. 315), it will be 
found that a plain cloth with 78 threads of 32’s is “ perfect,' ’ 
and that a plain cloth with 55 threads of i6’s is also perfect. 
Therefore the above calculation is correct. 

To change the Threads per Inch, the counts and 
pattern remaining the same. 

If a sample has 78 threads per inch of 32’s, and it is pro- 
posed to weave a cloth of the same pattern, but with 6o's yarns, 
find the number of threads per inch required to keep the same 
firmness* 


Y 
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This is simply a continuation of the previous statement. 
If the two counts are known, the number of threads will 
vary as the square roots of the counts ; thus — 

CounLs in sample. Counts in proposed doth. . Threads in sample. 

^^32 : : : y8 : x 

or as 32 ; 5 o : : 78^ : 

6084 

60 

32)365040 


11407! 

Vi 1407 = 106*8 threads required. 

The above may be proved correct by referring to the table 
of ^diameters. A plain cloth with 78 threads per inch of 32’s 

IS “perfect,” and so is a plain cloth with io6i threads per inch 
of 6o’s. 

The same principle must be employed if the warp and 
weft are of different counts, or if the threads per inch are not 
equal in warp and weft. 


£xampU.—K sample cloth is made with 78 ends per inch of 32’s and 
91 picte per inch of 44 s. How many picks will be required to keep the 
same tirmness, if the weft only is changed to 6o’s ? 

Counts in sample. Counts in proposed doth. 


^ AA • V^o ; ; gi 

or as 44 : 60 912 

8281 

60 


44)496860 


1 1292 = 


and Vi 1292 — io 6 | picks per inch required = lodj 
Cue advantage gained by a knowledge of ^the principle of 
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cloth “ balance ” is that the number of picks per inch which a 
given pattern or weave will take can easily be obtained by 
calculation. This is of great advantage to designers for 
Jacquard weaving, as it often occurs that a design is made 
and. the cards cut for a pattern which will not admit of the 
required number of picks of the given counts being put in the 
cloth, which a slight alteration in the ground weave would have 
rendered possible. 

To alter the Weight. — If the weight of a cloth is 
required to be altered, and the same firmness kept, the 
threads per inch and counts can be found on the same 
principle. 

If a cloth is made heavier it must be done by using 
coarser yarns and fewer threads; it cannot be done by 
using more threads, and preserve the same “firmness” or 
“ perfection.” 

Suppose a sample piece of cloth weighing 10 lbs. is made 
with 93 threads of 45 ’s, and it is proposed to make a piece of 
the same length and width, but weighing 15 lbs. To find 
the threads per inch and counts of yarn to keep the same 
firmness. 

The weights of two cloths will vary as the square roots of 
the counts if they are of the same perfection. 

Therefore — 

Weight of proposed cloth. Weight of sample. 

As 15 lbs. : TO lbs. :: \/45 : counts 

or 15^ : 10^ :: 45 to 

225 : TOO :: 45 

TOO 

225)4500(20*8 counts required 

450 


o 
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To find the threads per inch required oPthe above counts — 

Weight of proposed cloth. Weight of sample. 

IS : lo :: 93 

lO 

15)930(62 threads required. 

90 

30 

30 

Then to make a piece of the same perfection or firmness as 
the sample piece, and to alter the weight from 10 lbs. to 15 lbs., 
the counts must be changed from 45’s to 20’s, and the threads 
per inch from 93 to 62, 

To prove this is correct take a piece 20 inches wide, 
102 yards long, 93 threads per inch both in warp and weft of 
45’s yarns. 

The weight of this sample piece will be — 


20 X 102 X 93 
840 X 45 


lbs. of twist ; 


and as there is the same weight of weft, the total weight of the 
piece will be 10 lbs. 

Now calculate the weight of a piece of the same length 
and width with 62 threads per inch of 20’s yarns ; — 


20 X 102 X 62 
840 X 20 


lbs. of twist j 


and with the same quantity of weft, the total weight of the 
piece will be j 5 lbs. 

This proves the calculation to be correct so far as altering 
the weight goes. 

T^!!) see if both cloths are of the same firmness, the table of 
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diameters may be referred to. It will there be seen that a plain 
cloth with 93 threads per inch of 45^3 yam is “perfect,” and 
also that the altered cloth with 62 threads of 20’s is equally 
perfect. 

It thus proves the principle of the calculation to be correct. 

A lighter cloth may be made, and the same firmness kept. 
The formula is the same in both cases. If a cloth is made 
lighter it must be done by using finer counts and more threads. 
It cannot be done by using fewer threads, as the firmness 
could not be kept and the required weight obtained. 

In altering the weights of cloths some allowance would 
have to be made for the difference in milling-up with different 
counts of yarns and numbers of threads. If a cloth is made 
heavier, thicker yarns would be used, and the warp length to 
give a certain length of piece would be different in the sample 
to the altered cloth. But this is a comparatively small matter, 
which can be adjusted with a slight alteration in the basis of 
the structure. 
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Antiseptics, 32 


Backed cloths, with weft, 235 ; 

with warp, 237 
Barley-corn patterns, 215 
Beaming, press, 10 

tension, 10 

Beating up the weft, 71, 85 

, character of motion in, 72 

, distance moved by slay whilst 

the crank moves through given 
angle in, 74 

, eccentricity of slay’s move- 
ment in, 72 ; cause of, 74 

, effect of altering position of 

crank-shaft in, 83 ; of reversing 
direction of loom in, 84 

, force of slay in, 78, 82 

, position of crank in, 72 

Becks, size mixing, 29 
Brake, 95 


Calculation for two or more 
fold yarns, 288 

of contraction for different 

weaves and counts, 306 

of cost of a piece, 305 

of counts of yarn from weigh- 
ing given length, 309 
Calcula^n of diameter of yarn, 
31 ^*^ 


Calculation of number of threads of 
given counts required to make a 
firm cloth in any weave, 321 

of quantity of warp and weft 

in a piece, 291-293 

of reeds and setts, 290 

• of weaving wage, 304 

of weight of a given length of 

any counts, 310 

to make a cloth of equal firm- 
ness to given cloth when changing 
weave, 319 

to preserve firmness and alter 

weight, 323 

to preserve firmness when 

changing threads per inch, 321 

to preserve same firmness when 

changing counts, 321 
Card-cutting machine, 190 

repeater, 191 

Casting out, 265 

Checks produced by re-arranging 
twills, 221 

Circular-box motion, 115 
Clearer guide, 8 
Clipped or sheared cloths, 234 
Coiling motions. See Taking-up. 
Combined twills, 206 
Cop winding machine, 6 
Cording plan for hand loom, 50 
Cords, 225 

Corkscrew twills, 237 
Counts of cotton yarns, 287 
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Counts of two or more unequal 
threads twisted together, 288 ; 
and weight of each required in 
given weight of resulting thread, 
289 

Cover on cloth, 86, 87 
Crapes, 228 
Crimp cloth, 229 


Damask or twilling Jacquards, 168- 
172 

Design, transferring from sketch to 
point paper, 261 

Detached figures, spots, arrange- 
ment of, 258 -261 
Development of pattern, 262-265 
Diagonals, fancy, produced by com- 
bining unequal twills, 220 

figured, 269 

Diameters of cotton yarns, 315 
Diapers, 213 
Dice checks, 214 

Direction of twist in yarns, effect 
of, 284 

Dobbies, timing of movements in, 
128 

undermotions for, 130 

Dobby, the Blackburn, 127 ; knife 
motion for, 127 ; character of 
shed in, 128 

, the Keighley double-lift, 123 ; 

method of pegging for, 126 ; 
double jacks in, 126 ; character of 
shed in, 125 ; made positive, 129 
Double cloths, 239 

bound by passing back pick 

over face end, 240 

bound by passing back end 

over face pick, 242 

plain cloths, figuiing, 243 ^ 

♦ bound together, 246 

shed Jacquard, 157 

twill cloth figuring, 280 

warp face, 237 


Double weft fece, 235 
Double-beat slay, 135 
Doup heald, 174 

Draft, arranging on point paper, 208 

the V, 210 ; patterns produced 

by, 210-213 
Drawing-in, 3 
Drills, 204 

Drop-box motion, Diggle^s, 107 

in pick-and-pick loom, ii6; 

connected to Jacquard, 120 

Whitesmith’s, 112 

Wright Shaw’s, 109 

Drum winding machine, 13, 14 

Edleston harness, 166 

designing for, 274 

Extra warp, figuring with, 230 ; 
reeding of, 232 

and extra weft combined, 

235 

weft, figuring with, 232 

figure on mock leno ground, 

234 

Fancy effects produced by warp 
and weft pulling each other out 
of straight line, 229 
Fast reeds, 91 
Figured design, 258 

leno designing, 275 

Firmness of cloth, 313 


Gauze, plan of, 173 
“ Gloy,” 33 

Grey warps, preparation of, 2 

HAND-loom, 48 
Heck of warping mill, 22 
Honey-comb designs, 222 
Huck patterns, 23© 
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Jacquard card cutting, 14 1, 190 
■ damask or twilling, 168-172 
- damask, Tsckorner and Wein 
172 ’ 

■ - double-shed, 157 

for cross-border, 155 

— - for leno weaving, 18 1 
^ harness, bordered pattern, 

Norwich tie, 151 ; London tie, 

153 

— centre pattern or point tie, 

1 54 

~ Edleston s, 166 ^ designingfor, 
167, 272 

- for all-over pattern, 139 
London tie, 150 

Norwich tie, 144, 150 

machine, origin of, 137 

sizes of, 150 

difference in character of shed 

between single and double-lift, 
137, 144-148 

“ double-lift, single-cylinder, 

144 ; principle of, 145 

■ double-lift, double-cylinder, 

H 6 ; advantages of, 144 

single-lift, 138 

open-shed, 158 

- pressure harness, 1 61- 166 

split harness, 160 

Jeans, Jeanettes, 200 


Keighley dobby, 123 
Kenyon’s undermotion for dobbies, 
130 


Lace and leno stripes, 249 
Lags, pegging of, 126 
Lappet loom, 193 

wheel, construction of, 195 

Lappets, 192 
Lenodp^ks, 2^8 
^crossovers, 175 


Leno effects, 246 

full cross, 1 81 

Jacquards, designing for, 185 

double-lift, 186 

imitation of, 186 

net or lace, 1 76 

• — — selvedge, 132 

weaving in dobbies, 174-180; 

use of slackener in, 174 ; arrange- 
ment of staves and pegging plan, 
175^178; shaking motion for 
double-lift dobbies, 178 ; arrange- 
ment of slackeners for two doups, 
180 

Letting-off, 106 
Linen yarns, counts of, 28 7 
List of prices for weaving, New 
Uniform, 294-302 ; Chorley, 302 
Loose reeds, 92 


Marking mechanism in slashing 
frame, 35 

Marseilles quilts, 278 
Mildew, 32 
Mitcheline, 279 
Mock lenos, 223 

Mono-coloured warps, preparation 
of, 3 

Multi-coloured warps, preparation 
of, 5 


Net lenos, 247 


Oscillating tappets, 61 

Padded cloths, 238 
Patterns produced by combining 
alternate picks of twills, 220 

by combining equal twills, 

206 ; unequal twills, 22Q, 

by drafting, 207 
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Patterns by fancy drafts, 218 

by re-arrangement of simple 

twills, 216 j and of combined 
twills, 217 

Pegging plan making, 20S 
Pick-and-pick loom, 116 
Pick, force of, 69 
Picking, over pick, 68 

under pick, 70 

Pile fabrics, warp, 189 

weft, 250-257 

Piques, 238 

Pirn winding machine, 15 

disc, 17 

Plain cloth, 198 

draft for weaving, 199 

number of threads possible 

in, 198 

ornamentation of, 198 

Plushes, 189, 255 
Point draft, 210 

Point paper, selection of, for dif- 
ferent proportions of w'arp and 
weft, 270 
use of, 199 

Power - loom, tappet shedding 
motions in, 50-68 
I’reparatory processes, i 
Presser roller, expanding, 27 
Pressure harness, designing for, 272 

harnesses, i6i-i66 

Primary movements in weaving, 48 

timing of, 85-87 

Protector, loose reed, 91 
stop rod, 92 


Reeds and setts, 290 
Ribs and cords, 225 
Roller top motion for plain cloth, 
62 ; 3 staves, 64 ; 4 staves, 64 ; 
5 staves, 65 ; 7 staves, 66 

Sack weaving, 239 


Satin draft, *09 
weaves, 202 

principle of construction of, 

204 

Scotch dressing, 42 
Section blocks, expanding, 27 

tappets, Woodcroft’s, 59, 60 

Sectional warping, 5 

Selvedge motion in sateen loom, 

134, 13s 

Set figures, arrangement of, 258- 
261 

Shading, 261 

Shedding motions, power-loom, 50- 
68 

Silk yarns, thrown or net, number- 
ing of, 287 

Sines and cosines, table of, 81 
Singleton’s stop-motion, 19 
Size mixing, 28 

for light sizing, 30 

for fine counts, 31 

for medium sizing, 3 1 

for heavy sizing, 32 

Sizes of patterns woven in Jacquards, 
265 

Sizing, 28 

ball, 43 

materials, 28 

slashing frame, 33 ; slow 

motion in, 37 

• frame, slasher, marking mo- 

tion in, 3^, 36 

frictional winding motion 

in, 39 

■ machines, hot air drying in, 38 

automatic supply of size 

to, 40 

Slubbings, 8 

Solid coloured borders in dhooties, 
283 

Split harness, designing for, 272 
Splits, motion for, 132 
Shorrock and Taylcjx^ motion 

for. 133 



I?idcx 


33r 


Spreading the warp, ^ 

Spun* silk yarns, counts of, 287 
Stitching-thread used to bind extra 
warp and extra weft, 232, 233 
Stocks and bowls, 67 
Stop motion, weft fork, 93 

beam-warper, 19 

rod, 92 

Striped designs, 268; calculation 
of reed for, 268 

Tabby weave, 198 
Taking-up motion, negative, loi ; 
screw and worm wheel, 103 

positive, 95; Pickles’, 99; 

new system, 104 

Tappets, calculation for lift of, 52 
— construction of, 53 

*» effect of treadle-bowl on, 57 

for plain cloth, 50, 51, 53 

for twills, S6, 58 

oscillating, 6i 

positive, 59 

, speed of, 87-91 

Woodcroft’s, 59 

Terry cloth, 187 
■ — "loom, 187 
Testing yarns, 309 
Three-ply, four-ply cloths, 243 
Toiletings, 277 

Traverse motions, heart cam, 9, 10 ; 

mangle wheel, ii, 12 
Trial section, 25 
Twaddell’s hydrometer, 30 
Twills, 199 

combined, 206 

Twisting-in, 3 

Twofold yarns, cotton, worsted, 
silk, 288 


Under-motions, 129 
Under-motion, Kenyon’s, 130 

V-CREEL, iS, 23 
V-reed, 24 

Velvet, common, 250 

cords, 2 c6 

Er, 253 

fast pile, 253 

, figured, 281 

twill back, 254 

Velvets, velveteens, 250, 257 ; de- 
finition of, 252 

Warp line, 85 
Warping, beam, iS 
^ Warping mill, 21 

i sectional, 23 

Weaving wage calculations, 304 
Weft, preparation of, 6 

wet, 6 

fork, 93 

pile fabrics, 250 

Winding coloured yarn, 14 
■ drum, 14 ' 

from cops to warpers’ bob- 
bins, 6 

from ring spools to warpers’ 
bobbins, 6 

from throstle to warpers’ bob- 
bins, 6 

Woodcroft’s section tappets, 59, 60 
Worsted yarns, 287 
Wrapping yarn, 310 

Yarn balance, Staub’s, 31 1 

twist of, 285 

Yorkshire dressing, 5, 47 


THE END 
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of Chemical Change, Catalysis, and Explosions. By J. W. Mellor, D.Sc. (N.Z.), 
B.Sc. (Viet.). Crown 8vo., yj-. td. 

SPECTROSCOPY. By E. C. C. Baly, P^.I.C., Lecturer on Spectroscopy 

and^ Assistant-Professor of Chemistry, University College, London. With 163 Illus- 
trations. Crown Bvo., ioj. e > d . 

The following Volumes are also in preparatmi : — 

RELATIONS BETWEEN CHEMICAL STDICHIOMETRY. By Sydney Young, 
CONSTITUTION AND PHYSICAL D.Sc., F.R.S. . •• 

PROPERTIES. By Samuel Smiles, THERMODYNAMICS. By F. G. I%nnAn, 
D.Sc. M.A.. Ph.D. 
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SMITB AND BALL.—TIHF. TEACHING OF CHEMISTRY AND 
PHYSICS IN THE SECONDARY SCHOOL. By Alexander Smith, B.Sc., 
Ph.D., Associate Professor of Chemistry in the University of Chicago, and Edwin 
H. Hall, Ph.D., Professor of Physics in Harvard University. With 21 Woodcuts, 
Bibliographies, and Index. Crown 8vo., 6s. net. 

'THORNTON and PEARSON— ON VOLUMETRIC AN- 
ALYSIS. By Arthur Thornton, M.A., and Marchant Pearson, B.A., Assistant 
Science Master, Bradford Grammar School. Medium 8vo., 2A 

Works by T. E. THORPE, C.B., D.Sc. (Viet.), Ph.D., 
F.R.S., Principal of the Government Laboratory, London, Assisted 
by Eminent Contributors. 

A DICTIONARY OF APPLIED CHEMISTRY. 3 vois. 8vo. 

Vols. I. and II., 42s. each. Vol. III., 63^. 

QUANTITATIVE CHEMICAL ANALYSIS. With 88 Woodcuts 

Crown 8vo,, 4s. 6d. 

THORPE AND ifraW.--QUALITATIVE CHEMICAL ANALYSIS 

AND LABORATORY PRACTICE. By T. E. Thorpe, C.B., Ph.D., D.Sc., F.R.S., 
and M. M. Pattison Muir, M.A. With Plate of Spectra and 57 Illustrations. Crown 
8vo., 3^. 6d. 

TILDEN.—^'qxVs. by WILLIAM A. TILDEN, D.Sc. London, F.R.S., 
Professor of Cheti'istry in the Royal College of Science, South 
Kensington. 

A SHORT HISTORY OF THE PROGRESS OF SCIENTIFIC 

CHEMISTRY IN OUR OWN TIMES. Crown 8vo., y. net. 

INTRODUCTION TO THE STUDY OF CHEMICAL- PHILO- 

SOPHY. The Principles of Theoretical and Systematic Chemistry.’' With 5 Illus-- 
trations. Crown 8vo., 5^. With ANSWERS to Problems. Crown Svo. , 5A 6d. 

PRACTICAL CHEMISTRY. The Principles of Qualitative Analysis. 

Fcp. Svo., i.r. 

WATTS DICTIONARY OF CHEMISTRY. Revised and entirely 

Rewritten by H. Forster Morley, M.A., D.Sc., Fellow of, and lately Assistant Pro- 
fessor of Chemistry in. University College, London; and M. M. Pattison Muir, 
M.A., F.R.S.E., Fellow, and Praelector in Chemistry, of Gonville and Cains College, 
Cambridge. Assisted by Eminent Contributors. 4 vols. 8vo., ;^5 net. 

WHITELEY.—'^<x\s, by R. LLOYD WHITELEY, F.I.C., Principal 
of the Municipal Science School, West Bromwich. 

CHEMICAL CALCULATIONS. With Explanatory Notes, Problems 

and Answers, specially adapted for use in Colleges and Science Schools. With a 
Prefas« by Professor F. Clowes, D.Sc. (Lond.), F.I.C. Crov^ 8vo., .2,r, 

ORGANIC CHEMISTRY: the Fatty Compounds. With 45 Ulus- 

trations. Crown Svo. , 3L 6d, 
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PHYSICS, ETC. 

^/Z> 6 ^< 96 >Z).--ELEMENTARY PHYSICS AND CHEMISTRY FOR 

THE USE OF SCHOOLS. (In Three Books.) By John Bidgood, B.Sc., Head- 
master of the Gateshead Secondary Day School. 

Book 1 . Elementary Physics. With 120 Illustrations. Crown Svo.f 

i^. 6d, 

Book II. Physics and Chemistry. With 122 Illustrations. Crown 

8vo., IS. 6d. 

Book III. Chemistry. With 108 Illustrations. Crown 8vo., 2s. 


BLONDLOT, — ‘ N ’ RAYS. A Collection of Papers communicated to 

the Academy of Sciences. With additional Notes and Instructions for the Construction 
of Phosphorescent Screens. By R. Blondlot, Professor in the University^ of Nancy. 
Translated by J. Garcin, With Phosphorescent Screen and other Illustrations. Crown 
8vo., 3^. Cid. net. 

RESPONSE IN THE LIVING AND NON-LIVING. By 

jAGADis Chunder Bose, M.A. (Cantab.), D.Sc. (Lend.), Professor, Presidency 
College, Calcutta. With 117 Illustrations. 8vo., loj. 6d. 

GANOT.—V^ot\i% by PROFESSOR GANOT. Translated and Edited 
by E. Atkinson, Ph.D., F.C.S., and A. W. Reinold, M.A., F.R.S. 

ELEMENTARY TREATISE ON PHYSICS, Experimental and 

Applied. With 9 Coloured Plates and Maps, and 1048 Woodcuts, and Appendix of 
Problems and Examples with Answers. Crown 8vo. , 15A 

NATURAL PHILOSOPHY FOR GENERAL READERS AND 

YOUNG PEOPLE. With 7 Plates, 632 Woodcuts, and an Appendix of Questions. 
Crown 8vo., js. 6<i. 


GLAZEBROOK AND SBAW.—FRACTICAL PHYSICS. By R. T. 

Glazebrook, M.A., F.R.S., and W. N. Shaw, M.A. With 134 Illustrations. Crown 
8vo., 7.V. 6d. 


Gl/TIfBIB:, — UOLECVLAR PHYSICS AND SOUND, By F. 

Guthrie, Ph.D. With 91 Diagrams. Fcp. 8vo., ij. 6d. 


BELMJIOLTZ.~FOI’\JLAR LECTURES ON SCIENTIFIC SUB- 

JECTS. By Hermann von Helmholtz. Translated by E. Atkinson, Ph.D., 
F.C.S., formerly Professor of Experimental Science, Staff College. With 68 Illustra- 
tions. 2 vols., crown 8vo., 3A 6d. each, 

.S:£WZ)£ie.S(?iV.— ELEMENTARY PHYSICS. By John Hendjirson, 

D.Sc. A«LE,E,, Physics Department, Borough Road Polytechnic. ' Crown 

8vo., 2S. 6d, 
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PHYSICS, wrc.— Continued. 

EXERCISES IN NATURAL PHILOSOPHY. By 

Magnus Maclean, D.Sc., Professor of Electrical Engineering at the Glasgow and 
West of Scotland Technical College. Crown 8vo., 4s. 6d, 


MEYER .— KINETIC THEORY OF GASES. Elementary 

Treatise, with Mathematical Appendices. By Dr. Oskar Emil Meyer. 8vo. , 15A net. 


YAN 'TJIOFE—TH.E ARRANGEMENT OF ATOMS IN SPACE. 

By J. H. VAN ’tHoff. With a Preface by Johannes Wislicenus, Professor of 
of Chemistry at the University of Leipzig; and an Appendix, ‘ Stereo-chemistry among 
Inorganic Substances,’ by Alfred Werner, Professor of Chemistry at the University 
of Zurich, Crown 8vo., 6^. 6d. 


WATSON'.— Works by W. WATSON, F.R.S., D.Sc., Assistant Professor 
of Physics at the Royal College of Science, London. 

ELEMENTARY PRACTICAL PHYSICS: a Laboratory Manual 

for Use in Organised Science Schools. With 120 Illustrations and 193 Exercises. 
Crown 8vo. , 2s. 6d. 

A TEXT-BOOK OF PHYSICS. With 568 Diagrams and Illustra- 
tions, and a Collection of Examples and Questions with Answers. Large crown 
8vo., lOA 6d, 


WA TTS. — AN INTRODUCTION TO THE STUDY OF 

SPECTRUM ANALYSIS. By W. Marshall Watts, D.Sc. (Lond.), B.Sc. 
(Viet.), F.I.C., Senior Physical Science Master in the Giggleswick School. With 
13s Illustrations and Coloured Plate. 8vo., 10s. 6d. net. 


WORTHINGTON— K FIRST COURSE OF PHYSICAL LABORA- 

TORY PRACTICE. Containing 264 Experiments. By A. M. Worthington 
C.B., F.R.S. With Illustrations. Crown 8vo., 4J. 6cf. ’ 


JT 7 ?/jJ.^ 2 ?--ELEMENTARY PHYSICS. By Mark R.^Wright, M.A., 

Professor of Normal Education, Durham College of Science. With 242 Illustrations, 
Crown 8vo. , zs. 6d. 
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MECHANICS, DYNAMICS, STATICS, H YDR0STATICS,ETC. 

BALL.— A CLASS-BOOK OF MECHANICS. By Sir R. S. BAi.r., 

LL.D. 89 Diagrams. Fcp. 8vo., is. 6d. 

I)irjVKEJ^Li:K--MECRAmSM. By S. DUNKERl.EY, M.Sc., 

Assoc.MJnst.C.E., M.Inst.C.E., Professor of Engineering in the University of 
Chester, \\hth 416 Diagrams. 8vo., 9.?. net. 

GOODE V£. — Works by T. M. GOODEVE, M.A.^ formerly lYofessor 
of Mechanics at the Normal School of Science, and the Royal School 
of Mines. 

THE ELEMENTS OF MECHANISM. With 357 Illustrations. 

. Crown 8vo. , 6s. 

PRINCIPLES OP' MECHANICS. With 253 Illustrations and 

numerous Examples. Crown 8vo., 6s. 

A MANUAL OF MECHANICS : an Elementary Text-Book for 

Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 188 
Examples taken from the Science Department Examination Papers, with Answers. 
Fcp. 8 VO., 2 S. 6d. 

MECHANICS APPLIED TO ENGINEERING. By 

John Goodman, Wh.Sch., M.I.C.E., Professor of Engineeiing in the Uni- 

versity of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo. , 9.?. net. 

GRIEVE, — IN ELEMENTARY MECHANICS. By 

W. H. Grieve, late Engineer, R.N., Science Demonstrator for the London County 
Council. 

Stage I. With 165 Illustrations and a large number of Examples. Fcp. 8vo , is. 6(f. 
Stage 2. With 122 Illustrations. Fcp. 8vo., is. 6d. 

Stage 3. With 103 Illustrations. Fcp. 8vo., u. 6d. 

MAGNUS.— by SIR PHILIP MAGNUS, B.Sc., B.A. 
LESSONS IN ELEMENTARY MECHANICS. Introductory to the 

Study of Physical Science. Designed for the Use of Schools, and of Candidates for 
the London Matriculation and other Examinations. With numerous Exercises, 
Examples, Examination Questions, and Solutions, etc., from 1870-1895. With 
Answers, and 131 Woodcuts. Fcp. 8vo., 31. 6d. 

Key for the use of Teachers only, price 51. '^d. 

HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., xs. 6d. , or, 

with Answers, 21. The Worked Solutions of the Problems, 2 s. 

MORZEK — MECUAmeS FOR ENGINEERS: a Text-Book of 

Intermediate Smndard. . By Arthur Morley, M.Sc., University Scholar (Viol.); 
Senior Lecturer in University College, Nottingham. With 200 Diagrams and 
numerous Examples. Crown 8vo., 4.^. net. 

PULLEN. — iSlECHANICS : Theoretical, Applied, a^d l?xperiBiciitai. 

By W. W. F. Pullen, Wh.Sch., M.I.M.E., A.M.LC.E. With 318 Diagrams a,iid 
numerous Examples. Crown 8vo., 41. 6d, 
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MECHANICS, OYNAIVIICS, STATICS, HYDROSTATICS, ETC Conlimied * 

ROBINSON .— OF DYNAMICS (Kinetics and Statics). 

With numerous Exercises. A Text-book for Junior Students. By the Rev. J. L. 
Robinson, M.A. Crown 8vo., 6s, 

SJflTN.— Works by J. HAMBLIN SMITH, M.A. 

ELEMENTARY STATICS. Crown 8vo., 3s. 

ELEMENTARY HYDROSTATICS. Crown 8vo., 3^. 

KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6s. 

TARLETON.—m INTRODUCTION TO THE MATHEMATI- 
CAL THEORY OF ATTRACTION. By Francis A. Tarleton, LL.D., Sc.D., 
Fellow of Trii'ity College, and Professor of Natural Philosophy in the University of 
r3ublm. Crown 8vo., io.y. 6d, 

TA YLOR.— Works by J. E. TAYLOR, M.A., B.Sc. (Lond.). 
THEORETICAL MECHANICS, including Hydrostatics and Pneuma- 

tics. With 175 Diagrams and Illustrations, and 522 Examination Questions and 
Answers. Crown 8vo. , 2s, 6d, 

THEORETICAL MECHANICS— SOLIDS. With 163 Illustrations, 

120 Worked Examples and over 500 Examples from Examination Papers, etc. 
Crown 8vo. , 2s, 6d. 

THEORETICAL MECHANICS.—FLUIDS. With 122 Illustrations, 

numerous Worked Examples, and about 500 Examples from Examination Papers, 
etc. Crown 8vo., 2s. 6d, 

THEORETICAL MECHANICS— SOLIDS. In- 

eluding Kinematics, Statics and Kinetics. By Arthur Thornton, M.A., F.R.A.S. 
With 200 Illustrations, 130 Worked Examples, and over 900 Examples from Examina- 
tion Papers, etc. Crown 8vo., 45. 6d, 

TWISjDEM-^Wovks by the Rev. JOHN F. TWISDEN, M.A. 
PRACTICAL MECHANICS; an Elementary Introduction to their 

Study. With 855 Exercises, and 184 Figures and Diagrams. Crowm 8vo., 10s. 6d, 

THEORETICAL MECHANICS. With 172 Examples, numerous 

Exercises, and 154 Diagrams. Crowm 8vo., Ss. 6d. 

WILZ/JMSOM—INTRODIJCTIO^ TO THE MATHEMATI- 
CAL THEORY OF THE STRESS AND STRAIN OF ELASTIC SOLIDS. By 
Benjamin Williamson, D.Sc., F.R.S. "Crown 8vb., 55. 

WILLIAMSON AND TARLETON — m ELEMENTARY 

TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, with 
numerous Examples. By Benjamin Williamson, D.Sc., F.R.S., and Francis A. 
Tarleton, LL.D. Crown 8vo., ioj. 6d, 

WORTHINGTON— miSAMlCS OF ROTATION ;* an Elementary 

Introduction to Rigid Dynamics. By A. M. Worthington, C.B. , F.R.S. Crow'n 
8vo., 4J. 6d. 
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MENSURATION, SURVEYING, ‘ETC. 

BRABANT.— TW& ELEMENTS OF PLANE AND SOLID MENSU- 

RATION. With Copious Examples and Answers. By F. G. Brabant, M.A. 
Crown 8 VO., 3A 6d. 

Ci97F^i?6’.~ELEMENTARY MENSURATION. By G. T. Chivers, 

Head Master of H.M. Dockyard School, Pembroke. With Answers to the Examples. 
Crown 8vo , 5^. 

PRELIMINARY SURVEY AND ESTIMATES. By 

Theodore Graham Gribble, Civil Engineer. Including Elementary Astronomy, 
Route Surveying, Tacheometry, Curve Ranging, Graphic Mensuration, Estimates, 
Hydrography and Instruments. With 133 Illustrations, Quantity Diagi'ams, and 
a Manual of the Slide-Rule. Crown 8vo., 'js. 6d, 


NILE K— EXPLANATORY MENSURATION. By the Rev. Alfred 

Hiley, M.A. With a Chapter on Land Surveying by the Rev. John Hunter, M.A. 
Containing numerous Examples, and embodying many of the Questions set in the Local 
Examination Papers. With Answers. i2mo., o.s, 6d, 


— MENSURATION AND LAND SURVEYING. By 

the Rev. John Hunter, M.A. i8mo., is . Key, ij. 


Z (9 — MENSURATION FOR SENIOR STUDENTS. By 

Alfred Lodge, M.A., late Fereday Fellow of St. John’s College, Oxford ; Professor 
of Pure Mathematics at the Royal Indian Engineering College, Cooper’s Hill. With 
Answers. Crown 8vo., 4T. 6d. 


LONGMANS’ SCHOOL MENSURATION. By Alfred J. Pearce, 

B.A. (Inter.), Hons. Matric. (London). With numerous Diagrams. Crown 8vo. With 
or without Answers, 2s. 6d, 


LONGMANS’ JUNIOR SCHOOL MENSURATION. To meet the 

Requirements of the Oxford and Cambridge Junior Local Examinations, the College 
of Preceptors, etc. By W. S. Beard, F.R.G.S., Head Master of Fareham Modern 
School. With Answers to Exercises and Examination Papers. Crown 8vo., ij^. 


LUPTON.—K PRACTICAL TREATISE ON MINE SURVEYING. 

By Arnold Lupton, Mining Engineer, Certificated Colliery Manager, Surveyor, 
Member of the Institution of Civil Engineers, etc. With 216 Illustrations. Medium 
8vo., I2A net. 

W2A5/7:— PRACTICAL MENSURATION. By A. Nesbit. Ulus- 

trated by 700 Practical Examples and 700 Woodcuts. i2mo., 3.L 6d, Key, 5a 

CIRCULAR SLIDE RULE. By G. L. Smith. Fcp. 

8 VO,, IS . net. 
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ALGEBRA, ETC. 

For other Boohs, see Lo7igmans 6^ Cols Catalogue of Educational and School Books. 

ANNALS OF MATHEMATICS. {Published under the Auspices 
OF Harvard University.) Issued Quarterly. 4to., 2^. net. 

PURNSIDE AND PANTON .— THEORY OF EQUATIONS. 

With an Introduction to the Theory of Binary Algebraic Forms. By William Snow 
Burnside, M.A., D Sc., Fellow of Trinity College, Dublin; and Arthur William 
Panton, M.A., D.Sc., Fellow and Tutor of Trinity College, Dublin. Vol. I. 8vo., 
lor. 6d. Vol. II. 8vo. , gj. dcf. 

CONSTABLE and Af7ZZ6’.— ELEMENTARY ALGEBRA UP TO 

AND INCLUDING QUADRATIC EQUATIONS. By W. G. Constable, B.Sc., 

B. A., and J. Mills, B.A. Crown 8vo., •is. With Answers, 25. 6d. 

Also in Three Parts. Crown 8vo., cloth, limp, (^d. each. Answers. Three Parts. 
Crown 8 VO., paper covers, 6d. each. 

CRACKNELL. — Y^KCllCNL MATHEMATICS. By A. G. 

Cracknell, M.A., B.Sc., Sixth Wrangler, etc. With Answers to the Examples. 
Crown 8vo., 35. e^d. 

LONGMANS’ JUNIOR SCHOOL ALGEBRA. By William S. 

Beard, F.R.G.S., Head Master of the Modern School, Farehani. Crown 8vo., ir. (ti. 
With Answers, es. 

SMITJI.— Works by J. HAMBLIN SMITH, M.A. 

ELEMENTARY ALGEBRA. New Edition, with a large number 

of Additional Exercises. With or without Answers. Crown 8vo., 35. 6d. Answers 
separately, 6d. Key, Crown 8vo., 95. 

The Original Edition of this Book is still on Sale, price 25. Sd. 

EXERCISES IN ALGEBRA. With Answers. Fcap. 8vo., 2 s. (d. 

Copies may be had without the Answers. 

WELSFORD AND MA TO.— ELEMENTARY ALGEBRA. By J. W. 

Welsford, M. a., formerly Fellow of Gonville and Caius College, Cambridge, and 

C. H. P. Mayo, M.A., formerly Scholar of St. Peter’s College, Cambridge; Assistant 
Masters at Harrow School. Crown 8vo., 35. kid., or with Answers, 45. Sd. 


CONIC SECTIONS, ETC. 

CASEY.— h. TREATISE ON THE ANALYTICAL GEOMETRY 

OF THB POINT, LINE, CIRCLE, AND CONIC SECTIONS. By John Casey, 
LL.D., F.R.S. Crown 8vo., 12.1. 

SALMON.— A TREATISE ON CONIC SECTIONS, containing an 

Account of some of the most Important Modern Algebraic and Geometric Methods. 
By G. ,gALMON, D.D., F.R.S. 8 vo., 125. 

XAf/rA?;— GEOMETRICAL CONIC SECTIONS. By J. Hamblin 

Smith, M.A. Crown 8vo., jr. 6(1. 
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BARKER,— GRK^mCKL CALCULUS. By Arthur H. Barker, 

B.A., B.Sc. With an Introduction by John Goodman, A.M.I.C.E. With 6i 
Diagrams. Crown 8vo., 4^. 6d. 


MELLOR. — monER MATHEMATICS FOR STUDENTS OF 

CHEMISTRY AND PHYSICS. With special reference to Practical Work. By 
J, W. Mellor, D.Sc., Research Fellow, The Owens College, Manchester. With 
142 Diagrams. 8vo., i2j. 6d, net. 


MUJiHAY.— Works, by DANIEL ALEXANDER MURRAY, Ph.D. 
AN INTRODUCTORY COURSE IN DIFFERENTIAL EQUA- 

TIONS. Crown 8vo., 6d, 

A FIRST COURSE IN THE INFINITESIMAL CALCULUS. 

Crown 8vo., 7E 6d. 


O^I)EA,—A^ ELEMENTARY TREATISE ON LOGARITHMS, 

EXPONENTIAL AND LOGARITHMIC SERIES, UNDETERMINED CO- 
EFFICIENTS, AND THE THEORY OF DETERMINANTS. By JAMK.S J. 
O'Dea, M.A. Crown 8vo., 2s. 


PRINCIPLES OF THE DIFFERENTIAL AND INTEGRAL 

CALCULUS. By Thomas Tate. i2mo., 4s. 6d. 


TA YLOR.— Works by F. GLANVILLE TAYLOR. 

AN INTRODUCTION TO THE DIFFERENTIAL AND IN- 

TEGRAL calculus and differential equations. Crown 8vo.,9S. 

AN INTRODUCTION TO THE PRACTICAL USE OF LOGA- 
RITHMS, WITH EXAMPLES IN MENSURATION. With Answers to 
Exercises. Crown 8vo., -ir. (>d. 


WIILIAMSON.— Works by BENJAMIN WILLIAMSON, ^D.Sc. 

AN ELEMENTARY TREATISE ON THE' DIFFERENTIAL 

CALCULUS ; containing the Theory of Plane Curves, with numerous Examples. 
Crown 8 VO., ioa e>d. 

AN ELEMENTARY TREATISE ON THE INTEGRA^ CAUCU- 

LUS ; containing Applications to Plane Curves and Surfaces, and also a Chapter on 
Calculus of Variations^ with numerous Examples. Crown. 8vo., io.r, 6^4 
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*** For other Works, see Longmans 6^ Co.^s Catalogue of Educational and School Books. 

ALZMAM~~GREEK GEOMETRY FROM THALES TO EUCLID. 

By G. J. Allman. 8vo., ios. 6d. 

^AZZELL.— ELEMENTARY GEOMETRY. By Frank R. Barrell, 

M.A., B.Sc., Professor of Mathematics, University College, Bristol. 

Section I. Part I., being the subject-matter of Euclid, Book L Crown 8vo., ij-. 

Section L Part II., containing the subject-matter of Euclid, Book III. 1-34, and Book IV. 

4-9. Crown 8vo. , is. 

Section I. complete. Crown 8vo., 2s. 

Section II. , containing the remainder of Euclid, Books III. and IV., together with the subject- 
matter of Books 11. and VI. With explanation of Ratio and Proportion, Trigono- 
metric Ratios and Measurement of Circles. Crown 8vo., u. 6i. 

Sections I. and II. in one volume. Crown 8vo., 3^'. 6d. 

Section III., containing the subject-matter of Euclid, Book XT. , together with a full treat- 
_ ment of volume and surface of the cylinder, cone, sphere, etc. Crown 8vo., is. 6d. 
Sections I., II. and III. complete in one volume. Crown 8vo., 6d. 

CASE K— Works by JOHN CASEY, LL.D., F.R.S. 

THE ELEMENTS OF EUCLID, BOOKS I.-VI, and Propositions, 

I.-XXI. of Book XL, and an Appendix of the Cylinder, Sphere, Cone, etc. With 
Copious Annotations and numerous Exercises. Fep, 8vo., 4s. 6d. Key to Exercises. 
Fcp. 8vo., 6.y. 

A SEQUEL TO THE ELEMENTS OF EUCLID. Part I. Books 

I.-VI. With numerous Examples. Fcp. 8vo., ^s. 6d. 

A TREATISE ON THE ANALYTICAL GEOMETRY OF THE 

POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing an Account of 
its most recent Extension. Crown 8vo., i2j. 


HAMIZTOJY. — ELEMENTS OF QUATERNIONS. By the late- 
st William Rowan Hamilton, LL.D., M.R.I.A. Edited by Charles Jasper 
JOLY, M.A., Fellow of Trinity College, Dublin. 2 vols. 4to. 2i.y. net each. 


LANGLEY and PHILLIPS.— YYiY HARPUR EUCLID. With. 

upwards of 900 Exercises and numerous Appendices on Modern Developments of 
Geometry. By E, M. Langley, M.A., Senior Mathematical Master, the Modern 
School, Bedford, and W. S. Phillips, M.A., Senior Mathematic il Master at Bedford 
Grammar School. Crown 8vo, 


s. d. 


Book I I o 

Book II I o 

Books 1. and II 2 o 

Books I.-III 2 6 


jr. d. 

Books III. and IV 2 o 

Books I.-IV : 3 6 


Books V.,VL, XL 1-21, andXIL i, 2 2 o 
Books I.-VI., XI. 1-21, and XII. i, 2 4 6 


LONGMANS’ LIST OF APPARATUS FOR USE IN GEO- 

METRY, ETC. See f. 22. 

ZCIP.— TESCT-BOOK on PRACTICAL, SOLID, AND DESCRIP- 

TIVE GEOMETRY. By David Allan Low, Professor of Engineering, East London 
Technical College. Crown 8vo. 

Part 1 . With 114 Figures, 2s. Part II. With 64 Figures, 35'. 

THE DIAGRAM MEASURER. An Instrument for measuring the 

Areas of Irregular Figures and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. Desi|;ned by 
p, A. Low. With Full Instructions for Use, i^. net, 
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MORRIS AND HUSBAND.— ?^KQri:iCKL PLANE AND SOLID 

GEOMETRY. By I. Hammond Morris and Joseph Husband. Fully Illustrated 
with Drawings. Crown 8vo., 6 d. 

MOJiJilS.— GEOMETRICAL DRAWING FOR ART STUDENTS. 

Embracing Plane Geometry and its Applications, the Use of Scales, and the Plans anff 
Elevations of Solids as required in Section I, of Science Subjects. By I. Hammond 
Morris. Crown 8vo., 2s. 

ELEMENTS OF GEOMETRY. By J. Hamblin Smith, 

M.A, Containing Books i to 6, and portions of Books ii and 12, of Euclid, with 
Exercises and Notes. Cr. 8vo., 3^“. 6 d. Key, crown 8vo., 8 s. 6 d. 

Books I and 2 , limp cloth, is. 6d., may be had separately. 
SROONRR.—TKE ELEMENTS OF GEOMETRICAL DRAWING : 

an Elementary Text-book on Practical Plane Geometry, including an Introduction to 
Solid Geometry. Written to include the requirements of the Syllabus of the Board of 
Education in Geometrical Drawing and for the use of Students preparing for the Military 
Entrance Examinations. By Henry J. .Spooner, C.E., M.Inst.M.E. Cr. 8vo.,3j. 6d, 

WATSON— ELEMENTS OF PLANE AND SOLID GEOMETRY. 

By H. W. Watson, M.A. Crown 8vo., ss. 6d. 

WILSON-GEOMETRICAL DRAWING. For the use of Candidates 

for Army Examinations, and as an Introduction to Mechanical Drawing. By W. N, 
Wilson, M.A. Parts I. and II. Crown 8vo., 4s. 6d. each. 

IF/WTSiP.— ELEMENTARY GEOMETRICAL DRAWING. By 

S. H. Winter. Part I. Including Practical Plane Geometry, the Construction of Scales, 
the Use of the Sector, the Marquois Scales, and the Protractor. With 3 Plates and 
1000 Exercises and Examination Papers. Post 8vo. , 5L 


OPTICS, PHOTOGRAPHY, ETC. 

ABNEY.— A TREATISE ON PHOTOGRAPHY. By Sir William de 

WiVELESLiE Abney, K.C.B., F.R.S., Principal Assistant Secretary of the Secondary 
Department of the Board of Education. With 134 Illustrations. Crown 8 yo., 5^. 

DRUDE.— TELE THEORY OF OPTICS. By Paul Drude, Professor 

of Physics at the University of Giessen. Translated from the German by C. Riborg 
Mann and Robert A. Millikan, Assistant Professors of Physics at the University of 
Chicago. With no Diagrams. 8vo., 15A net. 

GLAZEBROOK.—EWi^lCAL OPTICS. By R. T. Glazebrook, 

M.A., F.R.S., Principal of University College, Liverpool. With 183 Woodcuts of 
Apparatus, etc. Crown 8vo., 6j. ^ 

VANDERFOEL.— COLOR PROBLEMS : a Practical Manual for the 

Lay Student of Color. By Emily Noyes Vanderpoel. With 117 Plates in Color. 
Square 8vo., 21s, net. 

WRIGHT. — Optical projection : a Treatise ow the Use the 

Lantern in Exhibition and Scientific Demonstration. By Lewis Wright, Author of 
‘ Light : a Course of Experimental Optics With 232 Illustrations, Crown 8vo. , 6#. 
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TRIGONOMETRY. 

CASEY.— A TREATISE ON ELEMENTARY TRIGONOMETRY. 

By John Casey, LL.D., F.R.S., late Fellow of the Royal University of Ireland. With 
numerous Examples and Questions for Examination. i2mo. , 35. 

GOODWIJV.—TLANE AND SPHERICAL TRIGONOMETRY. By 

H. B. Goodwin, M.A. In Three Parts, comprising those portions of the subjects, 
theoretical and practical, which are required in the Final Examination for Rank of 
Lieutenant at Greenwich. 8vo. , 8 j. 6d. 

/ONES. — THE BEGINNINGS OF TRIGONOMETRY. By A. 

Clement Jones, M.A., Ph.D., late Open Scholar and Senior Hulme Exhibitioner 
of Brasenose College, Oxford ; Senior Mathematical Master of Bradford Grammar 
School. Crown 8vo., 2s. 

MA FC.— ELEMENTARY TRIGONOMETRY. By C. H. P. Mavo, 

M.A. , late Scholar of St. Peter’s College, Cambridge; Assistant Master at. Harrow 
School. With Examples and Answers. Crown 8vo., 35“. 6d. 

— ELEMENTARY TRIGONOMETRY. By J. Hamblin 

Smith, M.A. Crown 8vo. , 4i. (td. Key, yr. (id. 

SOUND, LIGHT, HEAT^ AND THERMODYNAMICS. 

ELEMENTARY PRACTICAL SOUND, LIGHT AND 

HEAT. By Joseph S. Dexter, B.Sc. (Lond.), Physics Master, Technical Day 
School, The Polytechnic Institute, Regent Street. With 152 Illustrations. Crown 
8vo., 2s. 6d. 

EMTAGE.—LIGWT. By W. T. A. Emtage, M.A., Director of Public 

Instruction, Mauritius. With 232 Illustrations. Crown 8vo., 6 s. 

HELMHOLTZ. — THE SENSATIONS OF TONE AS A 

PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By Hermann 
VON Helmholtz. Royal 8vo., 28s. 

MAXWELL.— THEORY OF HEAT. By J. Clerk Maxwell, M.A., 

F.R.SS., L. and E. With Corrections and Additions by Lord Rat LEIGH. With 38 
Illustrations. Crown 8vo., 4^. 6 d. 

FLAMCX.— TREATISE ON THERMODYNAMICS. By Dr. Max 

Planck, Professor of I'heoretical Physics in the University of Berlin. Translated, 
with the Author’s sanction, by Alexander Ogg, M.A., B.Sc., Ph.D., late 1851 Ex- 
hibition Scholar, Aberdeen University; Assistant Master, Royal Naval Engineering 
College, Devonport. 8vo., 7s. 6d. net. 

SMITH.— THE STUDY OF HEAT. By J. Hamblin Smith, M.A., 

of Gonville and Caius College, Cambridge. Crown 8vo. , gi. 

TYAIEALL.— Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 41- 
WOEMeA.—A CLASS-BOOK OF THERMODYNAMICS. By 

Richard WoRMELL, B.Sc., M.A. Fcp. 8vo., u. 6^. 

WEIGHT.— Works by MARK R. WRIGHT, M.A. 

SOUNEb LIGHT, AND HEAT. With i 6 o Diagrams and Ulus- 

trations. Crown 8vo. , 2s. 6d. • 

ADVANCED HEAT. With 136 Diagrams and numerous Examples 

and Examination Papers. Crown 8vo. , 4J. 6d. 
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ARCHITECTURE, BUILDING CONSTROCTION, ErC. 

ADVANCED BUILDING CONSTRUCTION. By the Author of 

‘Rivingtons’ Notes on Building Construction’. With 385 Illustrations. Crown 8vo., 
45. 6d, 

BENm—^TYlJEs IN FURNITURE. By R. Davis Benn. With 

102 Plates by W. C. Baldock. 8vo., 21 j. net. ^ 

BOOKER, — ELEMENTiRY PRACTICAL BUILDING CON- 
STRUCTION. Stage I. By ft, W. Booker. With 727 Illustrations. Crown 8 vo., 
2s. 6d. , ; 

BURRELZ^ — BmLDlM CONSTRUCTION. By Edward J. 

Burrell, Second Master H^e People’s Palace Technical School, London. With 
303 Working Drawings. Q||ijn 8vo. , 2s. 

GWILT.—m ENCYCL©P.^DIA OF ARCHITECTURE. By 

Joseph Gwilt, F.S.A. R]:vied (1888), with Alterations and Considerable Additions 
by Wyatt Papworth. U'tb 1700 Engravings. 8vo., 2i.y. net. 

HAMLIN,-~-A TEXT-Bc|qK OF THE HISTORY OF ARCHTFEC- 

TURE. By A. D. F. Hamlin, A.M. With 229 Illustrations. Crown 8vo., 7.?. 6^. 

BARKER AND UNWIN,— BYiB ART OF BUILDING A HOME : 

A Collection of Lectures and Illustrations. By Barry Parker and Raymond 
Unwin. With 68 Full-page Plates. 8vo., io.f. td. net. 

RlCHARDS,--BBlCYA.KYmQ AND BRICKCUTTING. By H. W. 

Richards, Examiner in Brickwork and Masonry to the City and Guilds of London 
Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over 200 Illustrations. 8vo., 3.;. td, 

ROWE.— THE LIGHTING OF SCHOOLROOMS: a Manual for 

School Boards, Architects, Superintendents and I'eachers. By Stuart H. Rowe, 
Ph.D. With 32 Illustrations. Crown 8vo., 3.?. 6d. net. 

BUILDER’S WORK AND THE BUILDING TRADES. 

By Col. H. C. Seddon, R.E. With numerous Illustrations. Medium 8vo., 16s, 

THOMAS.— THE VENTILATION, HEATING AND MANAGE- 
MENT OF CHURCHES AND PUBLIC BUILDINGS. By J. W. THOMAS, 
F.I.C., F.C.S. With 25 Illustrations. Crown 8vo,, 2s. 6d. 

VALDER. — BOOK OF TABLES, giving the Cubic Contents of from 

One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually imported or 
used in the Building Trades, together with an Appendix showing a large number of 
sizes, the Contents of which may be found by referring to the aforesaid Tables. By 
Thomas Valuer. Oblong 4to., 6 j. net. 

RIVINGTONS’ COURSE OF BUILDING CONSTRUCTION. 

NOTES ON BUILDING CONSTRUCTION. Medium 8vo. 

Part 1 . With 695 Illustrations, lox. 6 d. net. 

. Part II. With 496 Illustrations, iol 6 d. net. 

Part III. MStterials. With 188 Illustrations, iSi*. net. » 

Part JV. Calculations for Building Structures. With 551 Illustra- 

tions, 13A net. 
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S^EAM, Olt, AND GAS ENGINES, AND MOTORS. 

BALE.—k HAND-BOOK FOR STEAM USERS; being Rules for 

Engine Drivers and Boiler Attendants, with Notes on Steam Engine and Boiler 
Management and Steam Boiler Explosions. By M. Powis Bale, 

M.Inst.C.E. Fcp. 8vo., q.s. 6d. 

CLEEE'.— THE GAS AND OIL ENGINE. By Dugald Clerk, 

Member of the Institution of Civil Engineers, Fellow of the Chemical Society, Member 
of the Royal Institution, Fellow of the Institute of Patent Agents. With 228 Illus- 
trations. 8vo., i5ir. 

JDIPLOCK.~^A NEW SYSTEM OF HEAVY GOODS TRANSPORT 

ON COMMON ROADS. By Bramah Joseph Diplock. With 27 Illustrations and 
Diagrams. Medium 8vo. , 6s. 6d. net. 

FLETCHER.— AND AMERICAN STEAM CARRIAGES 

AND TRACTION ENGINES. By William Fletcher, M.Inst.Mech.E. With 
250 Illustrations. 8vo., 15^. net. 

HOLMES.— THE STEAM ENGINE. By George C. V. Holmes, 

C. B., Chairman of the Board of Works, Dublin. With 212 Illustrations. Crown 8vo. , 6 j. 

LOW. — THE DIAGRAM MEASURER. An Instrument for measur- 
ing the Areas of Irregular Figures and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by ‘ 

D. A. Low, Professor of Engineering, East London Technical College, London. Wiih 
Full Instructions for Use. is, net. 

METCALFE. — ELEMENTARY STEAM ENGINEERING. By 

H. W. Metcalfe, Engineer Commander, R. N. With 144 Illustrations. 8vo. , js, 6d. net. 

NEILSOH.— THE STEAM TURBINE. By Robert M. Neilson, 

Associate Member of the Institute of Mechanical Engineers, etc. With 28 Plates 
and 212 Illustrations in the Text. 8vo., loj. 6d. net. 

NORRIS.— A PRACTICAL TREATISE ON THE ‘ OTTO ’ CYCLE 

GAS ENGINE. By William Norris, M.I.Mech.E. With 207 Illustrations. 8vo.. 
10s. 6d. 

FARSONS— STEAM BOILERS : THEIR THEORY AND DESIGN. 

By H. DE B. Parsons, B.S., M.E., Consulting Engineer; Member of the American 
Society of Mechanical Engineers, American Society of Civil Engineers, etc. ; Professor 
of Steam Engineering, Rensselaer Polytechnic Institute. With 170 Illustrations. 8vo., 

loi’. 6d. i 3 |t. 

RIPPER. — Works by WILLIAM RIPPER, Professor of Engineering In 
the University College of Sheffield. 

STEAMjj^ With 185 Illustrations. Crown 8vo., 2s. 6 d.^ 

STEAM EN*GINE THEORY AND PRACTICE. With 441 Ulus- 

trations. 8vo. , gs. 
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STEAM, OIL, AND GAS ENGINES, AND MOrQ^iS- Contimtec ^ 

SENNETT AND OEAM,— THE MARINE STEAM ENGINE : A 

Treatise for Engineering Students, Young Engineers and Officers of the Royal Navy 
and Mercantile Marine. By the late Richard Sennett, Engineer-in-Chief of the 
Navy, etc. ; and Henry J. Oram, Deputy Engineer-in-Chief at the Admiralty, 
Engineer Rear Admiral in H.M. Fleet, etc. With 414 Diagrams. 8vo., 2i.y. 

STROME YEE.— MARINE BOILER MANAGEMENT AND CON- 
STRUCTION. Being a Treatise on Boiler Troubles and Repairs, Corrosion, 
Fuels, and Heat, on the properties of Iron and Steel, on Boiler Mechanics, Work- 
shop Practices, and Boiler Design. By C. E. Stromeyer, Chief Engineer of the 
Manchester Steam Users’ Association, Member of Council of the Institution of Naval 
Architects, etc. With 452 Diagrams, etc. 8vo., 12s . net. 

JFZr/m— PETROL MOTORS AND MOTOR CARS : A Hand- 
book for Engineers, Designers and Draughtsmen. By T. Hvler White, A.M.IiM.E. 
With 44 Illustrations. Crown 8vo., 4A 6^f. net. 


ELECTRICITY AND MAGNETISM. 

ARRHENIUS.— K TEXT-BOOK OF ELECTROCHEMISTRY. By 

Svante Arrhenuis, Professor at the University of Stockholm. Translated from the 
German Edition by John McCrae, Ph.D. With 58 Illustrations. 8vo., gs , 6d . net. 

CAE US- WIZSOJV.— ELECTRO-DYNAMICS : the Direct- Current 

Motor. By Charles Ashley Cards- Wilson, M.A. Cantab. With 71 Diagrams, 
and a Series of Problems, with Answers. Crown 8vo., 7s . 6d . 

CUM MING— ELECTRICITY TREATED EXPERIMENTALLY. 

By Linn.®us Gumming, M.A. With 242 Illustrations. Cr. 8vo., 4J. 6d. 

GORE.— THE ART OF ELECTRO-METALLURGY, including all 

known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. With 56 Illus- 
trations. Crown 8vo., 6s, 

HENEERSON— Works by JOHN HENDERSON, D.Sc., F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 157 

Illustrations and Diagrams. Crown 8vo. , ys , 6d , 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 

TRICITY. 'Crown 8vo., ir. r 

HIBBERT.—UAGHETISU-AHD ITS ELEMENTARY MEASURE- 

MENT. By W. Hibbert, F.I.C., A.M.I.E.E. With 55 Diagrams. Crown 8vo., as . 

JENKIN. — ELECTRICITY AND MAGNETISM. " By FleJSiing 

Jenkjn, F.R.S., M.I.C.E. With 177 Illustrations. Crown 8vo., 6d . 
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ELECJRICITY AND IVIACNETISIVI — Conimued. 

ELEMENTARY TREATISE ON ELECTRICITY AND 

MAGNETISM. By G. Carey Foster, F.R.S. ; and Alfred W. Porter, B.Sc. 
Founded on Joubert's ‘Traits El^mentaire d’ Electricity With 374 Illustrations 
and Diagrams. 8vo. , ioa 6^3?. net. 

EXAMPLES IN ELECTRICAL ENGINEERING. By 

Samuel Joyce, A.I.E.E. Crown 8vo., 55'. 

Z^ieZ)A;A/;— ELECTRICITY FOR PUBLIC SCHOOLS AND 

COLLEGES. By W. Larden, M.A. With 215 Illustrations, and a Series of 
Examination Questions ; with Answers. Crown Svo., 6s. 

Affiieie/AZSZZ*. — MAGNETISM AND DEVIATION OF THE 

COMPASS. By John Merrifield, LL.D., F.R.A.S., i8mo., 2j. 6d. 

PRACTICAL ELECTRICAL TESTING IN PHYSICS AND 

ELECTRICAL ENGINEERING. By G. D. Aspinall Parr, Assoc. M.LE.E. 
With 231 Illustrations. Svo. , Sa 6d. 

FOYSEJi. —Works by A. W. POYSER, M.A. 

MAGNETISM AND ELECTRICITY. With 235 Illustrations. 

Crown 8vo., 2 S. 6d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 317 

Illustrations. Crown 8vo., 45. 6d. 

RHODES.—m ELEMENTARY TREATISE ON ALTERNATING 

CURRENTS. By W. G. Rhodes, M.Sc. (Viet.), Consulting Engineer. With 
80 Diagrams. 8vo., yj. 6d. net. 

SLINGO AND BROOKER.— Works by W. SLINGO and A. 
BROOKER. 

electrical ENGINEERING FOR ELECTRIC LIGHT 

ARTISANS AND STUDENTS. With 383 Illustrations. Crown 8vo., I2i. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY ELEC- 

TRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo., 2J. 

TYNDALL.— Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 41. 


TELEGRAPHY AND THE TELEPHONE. 

JYUZ’ZrZwi?— TELEPHONE LINES AND THEIR PROPERTIES. 

By William J. Hopkins, Professor of Physics in the Drexel Institute, Philadelphia. 
Crown 8vo., 6 j?. 

PREECM^ AND TELEGRAPHY. By Sir W. 

•r H. Preecb, K.C.B., F.R.S., V.P.Inst., C.E., etc., Consulting Engineer and 
Electrician, Post Office Telegraphs; and Sir J. Sivewright, K.C.M.G. With 284 
Illustrations. Crown 8vo., js. 6d. 
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ENGINEERING, STRENGTH OF MATERIALS, ETp. 

ANDERSON.— TWE. STRENGTH OF MATERIALS AND STRUG- 

TURES: the Strength of Materials as depending on their Quality and as ascertained 
by Testing Apparatus. By Sir J. ANDERSON, C.E., LL.D., F.R.S.E. With 66 Illus- 
trations. Crown 8vo., 35. 6d. 

BARRY.— EKlUNkY APPLIANCES: a Description of Details o# 

Railway Construction subsequent to the completion of the Earthworks and Structures. 
By Sir John Wolfe Barry, K.C.B., F.R.S., M.I.C.E. With 218 Illustrations, 
Crown 8vo., 4s. 6d. 

DIPLOCK.—K NEW SYSTEM OF HEAVY GOODS TRANSPORT 

ON COMMON ROADS. By Braham Joseph Diplock. With 27 Illustrations. 
8vo., 6^ 6tf. net. 

GOODMAN.-W^CB.mVZ^ APPLIED TO ENGINEERING, By 

John Goodman, Wh.Sch., M.I.C.E., M.I.M.E., Professor of Engineering in the 
University of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo., 
9A net. 

GREGORY— K SHORT INTRODUCTION TO THE TPIEORY 

OF ELECTROLYTIC DISSOCIATION. By J. C. GREGORY, B.Sc. (Lond.) 
A.I.C. Crown 8vo., 1.9. 6d. 

LOW— A POCKET-BOOK FOR MECHANICAL ENGINEERS. 

By David Allan Low (Whitworth Scholar), M.I.Mech.E., Professor of Engineering, 
East London Technical College (People’s Palace), London. With over 1000 specially 
prepared Illustrations. Fcp. 8vo., gilt edges, rounded corners, 7s. 6d. 

MORLEY — MECHAmCS FOR ENGINEERS: a Text- Book of 

Intermediate Standard. By Arthur Morley, M.Sc., University Scliolar (Viet.); 
Senior Lecturer in University College, Nottingham. With 200 Diagrams and 
numerous Examples. Crown 8vo., 4.9. net. 

PARKINSON. — LIGHT RAILWAY CONSTRUCTION. By 

Richard Marion Parkinson, Assoc. M. Inst. C.E. With 85 Diagrams. 8vo., 
loj. 6d. net, 

SMITH. — GRAPHICS, or the Art of Calculation by Drawing Lines, 

applied especially to Mechanical Engineering. By Robert H. Smith, formerly 
Professor of Engineering, Mason College, Birmingham. Part 1. With separate 
Atlas of 29 Plates containing 97 Diagrams. 8vo. , 15J. 

STONEY.—YYiE THEORY OF STRESSES IN GIRDERS AND 

SIMILAR STRUCTURES; with Practical Observations on the Strength and other 
Properties of Materials. By Bindon B. Stoney, LL.D., F.R.S., M.I.C.E. With 
5 Plates and 143 Illust. in the Text. Royal 8vo., 36s. 

ONWLN.—THE TESTING OF MATERIALS OF CONSTRUCTION. 

A Text-book for the Engineering Laboratory and a Collection of the Results of 
Experiment. By W. Cawthorne Unwin, F.R.S., B.Sc. With 5 Plates and 188 
Illustrations and Diagrams. 8vo. , 16^. net. 

jPr^i?.^.^iY.-^ENGINEERING CONSTRUCTION IN IRON, STEEL, 

AND TIMBER. By William Henry Warren, Challis Professor of Civil and 
Mechanical Engineering, University of Sydney. With 13 Folding Plates and 375 
Diagrams. Royal 8vo., x6s. net. 

WHEELER. THE SEA COAST : Destruction, ^Littbral Drift, 

Protection. By W. H. Wheeler, M.Inst. C.E. With 38 Illustrations and Digram. 
Medium 8vo., ioj. 6d. net. 
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LONGMANS’ CIVIL ENGINEERING SERIES. 

CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 

By Leveson Francis Vernon-Harcourt, M.A., M.Inst.C.E. With 368 Illus- 
trations. Medium 8vo., net. 14?. 

Contents. — Materials, Preliminary Works, Foundations and Roads — Railway Bridge and Tunnel 
Engineering— River and Canal Engineering — Irrigation Works— Dock Works and Maritime En- 
gineering — Sanitary Engineering. 

"Rotes on docks and dock construction. By c. 

Colson, C.B., M.Inst.C.E. With 365 Illustrations. Medium 8vo., 21 j. net 

CALCULATIONS IN HYDRAULIC ENGINEERING: a Practical 

Text-Book for the use of Students, Draughtsmen and Engineers. By T. Claxton 
Fidler, M.Inst.C.E. 

Part I. Fluid Pressure and the Calculation of its Effects in Engineering 

Structures. With numerous Illustns. and Examples. 8vo., 6s. 6d. net. 

Part IL Calculations in Hydro-Kinetics. With numerous Illustration 

and Examples. 8vo. , 7s. 6d. net. 

RAILWAY CONSTRUCTION. By W. H. Mills, M.I.C.E., 

Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illustrations 
and Diagrams. 8vo., i8.y. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CONSTRUCTION. 

By William Shield, F.R.S.E., M.Inst.C.E. With 97 Illustrations. Medium 8vo., 
15^“. net. 

TIDAL RIVERS : their (i) Hydraulics, (2) Improvement, (3) Navigation. 

By W. H. Wheeler, M.Inst.C.E. With 75 Illustrations. Medium 8vo., 16s. net. 


NAVAL ARCHITECTURE. 

ATTWOOn.—Works by EDWARD L. ATTWOOD, M.Inst.N.A., 
Member of the Royal Corps of Naval Construction. 

WAR SHIPS ; A Text-book on the Construction, Protection, 

Stability, Turning, etc., of War Vessels. With numerous Diagrams. Medium 
8vo., 10s. 6d. net. 

TEXT-BOOK OF THEORETICAL NAVAL ARCHITECTURE : 

a Manual for Students of Science Classes and Draughtsmen Engaged in Shipbuilders’ 
and Naval Architects’ Drawing Offices. With 114 Diagrams. Crown 8vo., 7s, &d. 

JV ( 9 ZJf A. — PRACTICAL SHIPBUILDING; a Treatise on the 

Structural Design and Building of Modern Steel Vessels, the work of construction, 
from the making of the raw material to the equipped vessel, including subsequent 
up-keep and repairs. By A. Campbell Holms, Member of the Institution of Naval 
Architects, etc. In 2 vols. (Vol. I., Text, medium 8vo. ; Vol. II., Diagrams and 
Illustrations, oblong 4to.), 48T. net. 

LOVETT.— K COMPLETE CLASS-BOOK OF NAVAL ARCHI- 
TECTURE (Practical, Laying-ofF, Theoretical). By W. J. Lovett, Lecturer on 
Naval Axhitecture at the Belfast Municipal Technical Institute. With 173 Illustmtions 
and almost 200 fully worked-out Answers to recent Board of Education Examination 
Questions. (With 26 pages of ruled paper, at end for Notes and References). 8vo., 
7s. 6d. net. 

WATSOJV.— 1:^ AY Al. ARCHITECTURE; A Manual of Laying- off 

Iron, ^eel and Composite Vessels. By ‘Thomas H. WatsoiC*, Lecturer on Naval 
Architecture at the Durham College of Science, Newcastle-upon-Tyne. With numerous 
Illustrations. Royal 8vo., 15^. net. 
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WORKSHOP APPLIANCES, ETC. 

mETHCOTT.—LKTBiES AND TURNING, Simple, Mechanical 

and Ornamental. By W. H. NorthCOTT. With 338 Illustrations. 8vo., i8s. 

MACHINE TOOLS AND WORKSHOP PRACTICE FOR 

ENGINEERING STUDENTS AND APPRENTICES. By Alfred _ Parr, 
Instructor in Fitting and Machine Shop and Forge, University College, Notlinghamf 
With an Introduction by William Robinson, M.E., M.Inst.C.E. With 462 
Illustrations. 8vo. , los. 6d. 

SEELLEY.^'WO^KSB.OV APPLIANCES, including Descriptions 

of some of the Gauging and Measuring Instruments, Hand-cutting Tools, Lathes, 
Drilling, Planeing, and other Machine Tools used by Engineers. By C. P. B. Shelley, 
M.I.C.E. With an additional Chapter on Milling by R. R. Lister. With 323 Illus- 
trations. Crown 8vo., 5L 


MACHINE DRAWING AND DESIGN. 

2? MECHANISM. By S. DUNKERLEY, M.Sc., 

Assoc. M.Inst.C.E., M.Inst.C.E., Professor of Applied Mechanics in the Royal Naval 
College, Greenwich. With 416 Diagrams. 8vo. , gs. net. 

LONGMANS’ IMPROVED DRAWING APPLIANCES. Designed 

by David Allan Low, M.I.Mech.E. 

Adjustable Protractor Set Square, 2s. 6d. Set Squares, Design A, No. 4, 45*^, height 
net. 12 in. , 4.V. 6it net. 

Cardboard Scales, in stiff cloth case, per B, No. i, 60°, height 

set, 6d. net. 6 in., ia net. 

New Drawing Scales, sets of i, 2, 3, nine 45°, height 

inches long, in paper case, ia net; in 4 in., i.v. net. 

cloth case, is. ^d. net. 2, 60°, height 

twelve 8^ in., ia ;^d. net. 

inches long, in paper case, u. 6d. net ; 45°, height 

in cloth case, is. gd. net. 6 in., i.?. ^d. net. 

No. I, twelve- 3, 60®, height 

inch scale, sold separately, 6d. net. 12 in. , 2s. net. 

Protractor No. 2, three-inch radius divided 45°, height 

into degrees, 6d. net. 8'^ in., 2.^. net, 

2^ four-inch radius divided — — 4, 60"', height 

into half degiees, gd. net. 17 in., 6d. net. 

Vector Set Square, No. i, is. gd. net. 45‘-\ height 

Set Squares, Design A, No. i, 6o“, height lain., qv. 6d. net. 

6 m., IS. net. T Squares, Design A, No. i, 20 in. long, 
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IWACmNE DRAWING AND Continued. 

LONGMANS’ ENGLISH AND METRIC RULE, marked on one edge 

in inches, etc., and on other edge in centimetres, id. net. 

LONGMANS’ BLACKBOARD ENGLISH AND METRIC RULE. 

One Metre ; marked in decimetres, centimetres, inches, half-inches and quarter-inches, 

2J. 

LOW AND BE VIS.— A MANUAL OF MACHINE DRAWING AND 

DESIGN. David Allan Low and Alfred William Bevis. With over 700 
Illustrations. 8vo., 7s . 6d . 

LOW.— Works by DAVID ALLAN LOW. 

AN INTRODUCTION TO MACHINE DRAWING AND DESIGN. 

With 153 Illustrations and Diagrams. Crown 8vo., 2s . 6d . 

A POCKET-BOOK FOR MECHANICAL ENGINEERS. Fcp. 

8vo., 73-. 6d . 

THE DIAGRAM MEASURER. An Instrument for Measuring the 

Areas of Irregular Figures, and specially useful for determining the Mean Effective 
Pressure from Indicator Diagi’ams from Steam, Gas and other Engines. With full 
instructions, il net. 

U-irWIM— THE ELEMENTS OF MACHINE DESIGN. By W. 

Cawthorne Unwin, F.R.S. 

Part 1. General Principles, Fastenings, and Transmissive Machinery. 

With 345 Diagrams, etc. Crown 8vo., js . 6d . 

Part IL Chiefly on Engine Details. With 259 Diagrams, etc. Crown 

8 VO., 6s . 


MINERALOGY, MINING, METALLURGY, ETC. 

BA GERMAN.— Works by HILARY BAUERMAN, F.G.S. 

SYSTEMATIC MINERALOGY. With 373 Illustrations. Crown 

8vo., 6 a 

DESCRIPTIVE MINERALOGY. With 236 Illustrations. Crown 

8vo., 6a 

BREARLEY and IBBOTSON.— THE ANALYSIS OF STEEL- 
WORKS MATERIALS. By Harry Brearley and Fred Ibbotson, B.Sc. (Lend.), 
Demonstrator of Micrographic Analysis, University College, Sheffield. With 85 Illus- 
trations. 8vo., 14A net. 

GORE.—HYi^ ART OF ELECTRO-METALLURGY. By G. Gore, 

LL.D.,^.R.S. With 56 Illustrations. Crown 8vo., 6a 

ENGINEER’S VALUING ASSISTANT : being a prac- 
tical Treatise on the Valuation of Collieries and Other Mines, etc. By H. D. Hoskold., 
With an Introductory Note by the late Peter Gray. 8vo. , 7A 6d . net. 

HUNTINGTON AND MMILLAN.—MSlYKlJS,-. their Properties and 

Treatment. By A. K. Huntington, Professor of Metallurgy in King’s College, 
London, and W. G. M'Millan, late Lecturer on Metallurgy in Mason’s College, 
Birmingham. With 122 Illustrations, Crown 8vo,, 7s , 6d . 
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IVIINERALOCy, WimiNG, METALLURGY, ETU.-ConhymecL f 

ZUFTOM — Works by ARNOLD LUPTON, M.LC.E., RG.S., eta 
MINING. An Elementary Treatise on the Getting of Minerals. With 
a Geological Map of the British Isles, and 596 Diagrams and Illustrations. Crown 
8vo., gs. net. 

A PRACTICAL TREATISE ON MINE SURVEYING. With 

209 Illustrations. 8vo., 12J. net. 

uWA CFARLANE. — LABORATORY NOTES ON PRACTICAL 

METALLURGY: being a Graduated Series of Exercises. Arranged by Walter 
Macfarlane, F.I.C. Crown 8vo., 2 a e>d. 

MELLOR.—TRE CRYSTALLISATION OF IRON AND STEEL: 

an Introduction to the Study of Metallography. By J. W. Mellok, D.Sc. Crown 8vo., 
5A net. 

RJIE AD.— METALLURGY. By E. L. Rhead, Lecturer on Metal- 
lurgy^ at the Municipal Technical School, Manchester. With 94 Illustrations. Fcp. 
8vo., 3A 6 d. 

RHEAD AND SEXTON .— AND METALLURGICAL 

ANALYSIS for the use of Students, Chemists and Assayers. By E. L. Rhead, Lecturer 
on Metallurgy, Municipal School of Technology, Manchester ; and A. Humboldt 
Sexton, F.I.C., F.C.S., Professor of Metallurgy, Glasgow and West of Scotland 
Technical College. 8vo., ioa 6d. net. 

RUTLEY.—TLLE STUDY OF ROCKS: an Elementary Text-book of 
Petrology. By F. Rutley, F.G.S. With 6 Plates and 88 other Illustrations. Crown 
8vo. , 4J. 6d. 


ASTRONOMY, NAVIGATION, ETC. 

— ELEMENTARY THEORY OF THE TIDES: the 

the Fundamental Theorems Demonstrated without Mathematics and the Influence on 
the Length of the Day Discussed. By T. K. Abbott, B.D., Fellow and Tutor, Trinity 
College, Dublin. Crown 8vo. , 2J. 

. 54 ZZ.— Works by Sir ROBERT S. BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Diagrams. 

Crown 8vo. , 6 s. 6 d. 

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. Fcp. 

8vo., IS. 6d. 

G^/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL AS- 
TRONOMY. By J. Gill, F.R.A.S. New Edition Augmented and Re-arranged by 
W. V. Mereifield, B.A. With 195 Diagrams, and an Appendix containing extracts 
from Tide Tables and the Nautical Almanac for the solution of all Prolflems in this 
book. Medium 8vo. , ioj. 6 d. net. 

zrzz 5 ( 7 zrz:z.— OUTLINES OF ASTRONOMY. By Sir John F. W. 

Herschel, Bart., K.H., etc. With 9 Plates and numerous Diagrams. 8vo., I2i'. 

LAUGHTON— m INTRODUCTION TO THE P^^ACTICAL 

AND THEORETICAL STUDY OF NAUTICAL SURVEYING. By JOHN KNOX 
Laughton, M.A., F.R.AS. With 35 Diagrams. Crown 8vo., 6 a 

— NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martin, R.N. Royal 8vo., i8a 

MERRIFIELDfr^A TREATISE ON NAVIGATION. . ETk the JJse 

of Students. By J. Merrifield, LL.D., F.R.A.S., F.M.S. With Charts and 
Diagrams. Crown 8vo. , Sj. 
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ASTRSNOMY, NAVIGATION, ETC , — Continued. 

ELEMENTS OF ASTRONOMY. With Numerous Ex- 
amples and Examination Papers. By George W. Parker, M.A., of Trinity College, 
Dublin. With 84 Diagrams. 8vo. , 5^. 6d. net. 

PVEBB.— CELESTIAL OBJECTS FOR COMMON TELESCOPES. 

By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, Revised and greatly 
Enlarged by the Rev. T. E. Espin, M.A. , F.R.A.S. (Two Volumes.) Vol. 1. , witb 
Portrait and a Reminiscence of the Author, 2 Plates, and numerous Illustrations. 
Crown 8 VO., 6s. Vol. II. , with numerous Illustrations. Crown 8vo., 6.y. 6d. 


NATURAL HISTORY AND GENERAL SCIENCE. 

FUJiJV^AUX.—Woxks by WILLIAM FURNEAUX, F.R.G.S. 

THE OUTDOOR WORLD; or, The Young Collector’s Handbook,. 

With 18 Plates, 16 of which are coloured, and 549 Illustrations in the Text. Crown 
8vo., 6 j. net. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 331 Illustrations in the Text. Crown 8vo. , 6s. net. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured Plates. 

and 241 Illustrations in the Text. Crown 8vo., 6s. net. 

THE SEA SHORE. With 8 Coloured Plates and 300 Illustrations in 

the Text. Crown 8vo. , 6s. net. 

BUDSOM— Works by W. H. HUDSON, C.M.Z.S. 

BRITISH BIRDS. With 8 Coloured Plates from Original Drawings 

by A, Thorburn, and 8 Plates and loo Figures by C. E. Lodge, and 3 Illustrations, 
from Photographs. Crown 8vo. , 6^. net. 

BIRDS AND MAN. Large Crown 8vo., 6 s. net. 

MIZZAIS.— Works by JOHN GUILLE MILLAIS, F.Z.S. 

THE NATURAL HISTORY OF THE BRITISH SURFACE- 

FEEDING DUCKS. With 6 Photogravures and 66 Plates {41 in colours) from 
Drawings by the Author, Archibald Thorburn, and from Photographs. Royal 
4to., £6 6s. net. 

THE MAMMALS OF GREAT BRITAIN AND IRELAND. 3 

vols. Quarto (13 in. by 12 in.), cloth, gilt edges. 

Volume I. With 18 Photogravures by the Author ; 31 Coloured Plates by the Author, 
Archibald Thorburn and G. E. Lodge ; and 63 Uncoloured Plates by the Author. 
and from Photographs. £6 6s. net. 

On/y 1,025 copies printed for England and America. 

NANSEN .— NORWEGIAN NORTH POLAR EXPEDITION,. 

i893-i 8«6 : Scientific Results. Edited by Fridtjof Nansen. 

Volume I.w With 44 Plates and numerous Illustrations in the Text. Demy 4to. , 40J. net. 
Volume li. With 2 Charts and 17 Plates. Demy 4to., 30J. net. 

Volume III. With 33 Plates. Demy 4to., 32J. net. 

Volume IV. With 33 Plates. Demy 4to., 2.j.s. net. 

Volume V. [In Preparation.') . ^ * 

Volume WI. Meteorology. By H. Mohn. With 20 Plates. 4to. , 36s. net. 

sPaNLEY.—E FAMILIAR HISTORY OF BIRDS.’ By E. Stanley,. 

Stanley, D.D., formerly Bishop of Norwich. With 160 Illustrations. Cr. 8vo., 35. 6d.. 
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WORKS BY RICHARD A. PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical Condition. 

With many Plates and Charts, Wood Engravings, and 2 Lunar Photographs. Crown 
Svo. , Si'. 6d. 

OTHER VvORLDS THAN OURS : the Plurality of Worlds Studied 

Under the Light of Recent Scientific Researches. With 14 Illustrations; Map, Charts,, 
etc. Crown Svo. , ss. 6d, " 

OUR PLACE AMONG INFINITIES : a Series of Essays contrasting 

our Little Abode in Space and Time with the Infinities around us. Crown Svo. , 3i. 6d. 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., gi*. 6d. 
LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays on 

Scientific Subjects, Natural Phenomena, etc. Crown Svo., 3i. 6d. 

THE ORBS AROUND US ; Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown Svo., ss. 6d. 

THE EXPANSE OF HEAVEN: Essays on the Wonders of the 

Firmament. Crown Svo. , 3i. 6d, 

OTHER SUNS THAN OURS: a Series of Essays on Suns— Old, 

Young, and Dead. With other Science Gleanings. Two Essays on Whist, and Corre- 
spondence with Sir John Herschel. With 9 Star-Maps and Diagrams. Crown Svo., 
3s. 6d. 

HALF-HOURS WITH THE TELESCOPE : a Popular Guide to the 

Use of the Telescope as a means of Amusement and Instruction. With 7 Plates, Fcp, 
Svo., 2s. 6d, 

NEW STAR ATLAS FOR THE LIBRARY, the School, and the 

Observatory, in Twelve Circular Maps (with Two Index-Plates). With an Introduction 
on the Study of the Stars. Illustrated by 9 Diagrams. Crown Svo. , 3s, 

THE SOUTHERN SKIES : a Plain and Easy Guide to the Con- 

stellations of the Southern Pleniisphere. Showing in 12 Maps the position of the 
principal Star-Groups night after night throughout the year. With an Introduction 
and a separate Explanation of each Map. True for every Year. 4to. , 5^. 

HALF-HOURS WITH THE STARS : a Plain and Easy Guide to the 

Knowledge of the Constellations. Showing in 12 Maps the position of the principal 
Star-Groups night after night throughout the year. With Introduction and a separate 
Explanation of each Map. True for every Year. 410., 3s. net. 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebiilse, etc With 
2 Index-Plates. Folio, 155, 

THE STARS IN THEIR SEASONS : an Easy Guide to a Knowledge 

of the Star-Groups. In 12 Large Maps. Imperial Svo. , 55. 

ROUGH WAYS MADE SMOOTH. Familiar Essays op Scientific 

Subjects. Crown Svo., 3^. 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3A 6d, 

NATURE STUDIES. By R. A. Proctor, Grant Allen, A. Wilson, 

T. Foster, an 4 jE. Clodd. Crown 8vo., 3s, 6d. 

LEISURE READINGS. By R. A. Proctor, E. Clodd, A. Wilson, 

T. Foster, and A. C. Ranyard. Crown 8vo., 3^. 6d. 
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PH*YSIOGRAPHY AND GEOLOGY. 

Works by CHARLES BIRD, B.A. 

ELEMENTARY GEOLOGY. With Geological Map of the British 

Isles, and 247 Illustrations. Crown 8vo., 0.5. 6d. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 

Classes and for General Readers. With over 300 Illustrations, a Geological Map of 
the British Isles (coloured), and a set of Questions for Examination. Crown Svo., 
7J'. 6d. 

PHYSICAL GEOLOGY FOR STUDENTS AND GENE- 

RAL READERS. By A. H. Green, M.A., F.G.S. With 236 Illustrations. 8vo., 

2.1S. 


HO WORTH.— VC?. OR WATER. Another Appeal to Induction from 

the Scholastic Methods of Modern (ireology. By Sir Henry H. Howorth, K.C.I.E. , 
D.C.L., F.R.S., V.P.S.A , F.G.S. , President of the Royal Archaeological Institute, 
Author of ‘ The Mammoth and the Flood,’ ‘ The History of the Mongols,’ etc. (3 vols.) 
Vols. I, and II. Medium 8vo. , 32.?. net. 


MORGAN.— \NQx\i% by ALEX. MORGAN, M.A., D.Sc., F.R.S.E. 
ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. With 

4 Maps and 243 Diagrams. Crown 8vo., ar. td. 

ADVANCED PHYSIOGRAPHY. With 215 Illustrations. Crown 

Svo., 4J. 6<f. 

READE.—TWL EVOLUTION OF EARTH STRUCTURE; With 

a Theory of Geomorphic Changes. By T. Mellard Reade, F.G.S., F.R.I.B.A., 
A.M.I.C.E., etc. With 41 Plates. 8vo., 21s. net. 

ROGEJ^S.~AN INTRODUCTION TO THE GEOLOGY OF CAPE 

COLONY. By A. W. Rogers, M.A., F.G.S., Director of the Geological Survey 
of Cape Colony. With a Chapter on the Fossil Reptiles of the Karroo Formation by 
R. Broom, M. D., B.Sc., C.M.Z.S. Crown 8vo., gs. net. 

THORNTON— Works by J. THORNTON, M.A. 

ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part I. With 215 Illustrations. Crown 8vo., 2s. 6d. 

Part id With 98 Illustrations. Crown 8vo., 2s. 6d. 

ELEMENTARY PHYSIOGRAPHY: an Introduction to the Study 

of Nature. With 13 Maps and 295 Illustrations. With Appendix on Astronomical 
Instruments and Measurements. Crown 8vo., 2s. 6d. 

advanced physiography. With ii Maps and 255 Illustrations. 

Crown 8vo., 4J, 6d, 
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MANUFACTURES, TECHNOLOGYf ETC. 

ASHLE y. —BRITISH INDUSTRIES : A Series of General Reviews 

for Business Men and Students. Edited by W. J, Ashley, M.A., Professor of Com- 
merce in the University of Birmingham. Crown 8vo., 5^. ^d. net. 


JACQUARD WEAVING AND DESIGNING. By F. f. 

Bell. With 199 Diagrams. 8vo., 12s . net. 


BEG /yTV:— LABORATORY STUDIES FOR BREWING STUDENTS : 

a Systematic Course of Practical Work in the Scientific Principles underlying the Processes 
of Malting and Brewing. By Adrian J. Brown, M.Sc., Director of the School of 
Brewing, and Professor of the Biology and Chemistry of Fermentation in the University 
of Birmingham, etc. With 36 Illustrations. 8vo. , 7s . 6d . net. 


CJSOSS AND JBi: VAN.— Works by C. F. CROSS and E. J. BEVAN. 

CELLULOSE : an Outline of the Chemistry of the Structural Elements 
of Plants. With reference to their Natural History and Industrial Uses. (C. F. 
Cross, E. J. Bevan and C. Beadle.) With 14 Plates. Crown 8vo., 12s , net. 

RESEARCHES ON CELLULOSE, 1895-1900. Crown 8vo., 6s. net. 


JACKSON.— K TEXT-BOOK ON CERAMIC CALCULATIONS 

with Examples. By W. Jackson, A.R.C.S., Lecturer in Pottery and Porcelain Manu- 
facture for the Staffordshire Education Committee and the Hanley Education Committee. 
Crown 8vo., 3^. 6f/. net. 


MORRIS AND WILXmSOJI,—TUE ELEMENTS OF COTTON 

SPINNING. By John Morris and F, Wilkinson. With a Preface by Sir B. A. 
Dobson, C.E., M.I.M.E. With 169 Diagrams and Illustrations. Cr. 8vo. , yj. net. 


BRICKLAYING AND BRICK-CUTTING. By H. W. 

Richards, Examiner in Brickwork and Masonry to the City and Guilds of London 
Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over 200 Illustrations. Med. 8vo., 3jr. 6 d, 


TA VZOK— COTTON WEAVING AND DESIGNING, ^^y John T. 

Taylor, late Lecturer on Cotton Weaving and Designing in the Preston and other 
Technical Schools. Revised under the direction of F. Wilkinson, Director of the 
Textile and Engineering School, Bolton. With 402 Diagrams. Crown 8vo., 7s , 6d . net. 


WATTS.— AN INTRODUCTORY MANUAL FOR SUhAR GRCfW- 

ERS, By Francis Watts, F.C.S., F.I.C. With 20 Illustrations. Crown 8vo., 6s . 
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JVIEDICINE AND SURGERY. 

(And see PHYSIO LOGY , etc., page 36.) 

ASJIB y AJVD WRIGHT. — THE DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By Henry Ashby, M.D., Loud., F.R.C.P., 
Physician to the General Hospital for Sick Children, Manchester ; and G. A. Wright, 
B.A., M.B. Oxon., F.R.C.S., Eng., Assistant-Surgeon to the Manchester Royal In- 
firmary, and Surgeon to the Children’s Hospital. Enlarged and Improved Edition. 
With 192 Illustrations. 8vo. , 25J. 


BAIN.—K TEXT-BOOK OF MEDICAL PRACTICE. By Various 

Contributors. Edited by William Bain, M.D., M.R.C.P. With 75 Illustrations. 
Royal 8vo. , 25.?. net. 


BENNETT. — by Sir WILLIAM BENNETT, K.C.V.O., 
F.R.C.S., Surgeon to St. George’s Hospital; Member of the Board 
of Examiners, Royal College of Surgeons of England. 

RECURRENT EFFUSION INTO THE KNEE-JOINT AFTER 

INJURY, WITH ESPECIAL REFERENCE TO INTERNAL DERANGE- 
MENT, COMMONLY CALLED SLIPPED CARTILAGE: an Analysis of 750 
Cases. A Clinical Lecture delivered at St. George’s Hospital. With 13 Illustrations. 
8vo. , 3.^. ^d. 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. 8vo., 6^. 

ON VARICOCELE ; A PRACTICAL TREATISE. With 4 Tables 

and a Diagram. 8vo., s^. 

CLINICAL LECTURES ON ABDOMINAL HERNIA: chiefly 

in relation to Treatment, including the Radical Cure. With 12 Diagrams in the 
Text. 8vo.,8j. 6fi?. 

ON VARIX, ITS CAUSES AND TREATMENT, WITH ESPECIAL 

REFERENCE TO THROMBOSIS. 8vo., 3L 6^. 

THE PRESENT POSITION OF THE TREATMENT OF 

SIMPLE FRACTURES OF THE LIMBS. 8vo., 21. td. 

LECTURES ON THE USE OF MASSAGE AND EARLY PASSIVE 

MOVEMENTS IN RECENT FRACTURES AND OTHER COMMON 
SUR(|1CAL INJURIES: The Treatment of Internal Derangements of the Knee 
Joint and Management of Stiff Joints. With 17 Illustrations. 8vo., 6s. 


CABOT— A GUIDE TO THE CLINICAL EXAMINATION OF 

THE TJLOpD FOR DIAGNOSTIC PURPOSES. By Richard C. Cabot, M.D., 
Physician to Out-patients, Massachusetts General Hospital. With 3 Coloured Plates 
and 28 Illustrations in the Text. 8vo., i6j. 
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WIEDICINE AND SURGERY- Conimued. 

CAR^, PICK, DORAN, and DUNCAN— TBN. PRACTITIONER’S 

GUIDE. By J. Walter Carr, M.D. (Lend.), F.R.C.P. ; T. Pickering Pick, 
F.R.C.S. ; Alban H. G. Doran, F.R.C.S. ; Andrew Duncan, M.D., B.Sc. (Lond.), 
F.R.C.S., M.R.C.P. 8vo., 2is. net. 


CHEYNE AND BURGHARD.—K MANUAL OF SURGIGAl. 
TREATMENT. By W. Watson Cheyne, C.B.. M.B., F.R.C.S., F.R.S., Hon. 
LL.D. (Edin.), Professor of Clinical Surgery in King’s College, London, Surgeon 
to King’s College Hospital, etc. ; and F. F. Burghard, M.D. and M.S. (Lond.), 
F.R.C.S., Teacher of Practical Surgery in King’s College, London, Surgeon to King’s 
College Hospital (Lond.), etc. 

Part I. The Treatment of General Surgical Diseases, including In- 

Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Complications, 
Infective Diseases and Tumours ; the Administration of Anaesthetics. With 66 Illus- 
trations. Royal 8vo. , los, 6d. 

Part II. The Treatment of the Surgical Affections of the Tissues, 
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic Vessels 
and Glands, the Fasciae, Bursas, Muscles, Tendons and Tendon-sheaths, Nerves, 
Arteries and Veins. Deformities. With 141 Illustrations. Royal 8vo., 14s. 

Part IIL The Treatment of the Surgical Affections of the Bones^ 

Amputations. With 100 Illustrations. Royal 8vo., 12s. 

Part IV. The Treatment of the Surgical Affections of the Joints (in- 

cluding Excisions) and the Spine. With 138 Illustrations. Royal 8vo. , 145. 

Part V. The Treatment of the Surgical Affections of the Head, Face,. 
Jaws, Lips, Larnyx and Trachea; and the Intrinsic Diseases of the Nose, Ear and 
Larynx, by H. Lambert Lack, M.D. (Lond.), F.R.C.S., Surgeon to the Hospital 
for Diseases of the Throat, Golden Square, and to the Throat and Ear Department,. 
The Children’s Hospital, Paddington Green. With 145 Illustrations. Royal Svo.,. 
185. 

Part VI. Section 1. The Treatment of the Surgical Affections of the 
Tongue and Floor of the Mouth, the Pharynx, Neck, CEsophagus, Stomach and! 
Intestines. With 124 Illustrations. Royal 8vo., iSj. 

- Section 11. The Treatment of the Surgical Affections of the 

Rectum, Liver, Spleen, Pancreas, Throat, Breast and Genito-urinary Organs. With 
113 Illustrations. Royal 8vo., 21s. 


COATS.— A MANUAL OF PATHOLOGY. By Joseph Coats,. 

M.D., late Professor of Pathology in the University of Glasgow. Fifth Edition. 
Revised throughout and Edited by Lewis R. Sutherland, M.D^ Professor of 
Pathology, University of St. Andrews. With 729 Illustrations and 2 Coloured 
Plates. 8vo., 28s. net. 


DAKIN— A HANDBOOK OF MIDWIFERY. By Willia?-^ Radford 

Dakin, M.D., F.R.C.P., Obstetric Physician and Lecturer on Midwifery at St. Geof§e’s“ 
Hospital, etc. With 394 Illustrations. Large crown Svo. , i8^. 
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COOX£.— Works by THOMAS COOKE, F.K.C.S. Eng., B.A., B.Sc.^ 
M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstrations 

given ill the Westminster Hospital Medical School. Eleventh Edition in Three 
Parts, thoroughly brought up to date, and with over 700 Illustrations from all the- 
best Sources, British and Foreign. Post 4to. 

Part I. The Bones, ys. 6d* net, 

Part IL Limbs, Abdomen, Pelvis. 10s. 6d* net. 

Part III. Head and Neck, Thorax, Brain. lo.?. 6d. net. 
APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 Typical vivd voce Questions on Surface Marking, etc.. 
Crown 8vo., 3J. 6d. 


DICKINSON.— Works by W. HOWSHIP DICKINSON, M.D. Cantab.,. 
F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With 12 Plates 

and 122 Woodcuts. Three Parts. 8vo., £2, 4^. 6^. 

THE TONGUE AS AN INDICATION OF DISEASE: being 

the Lumleian Lectures delivered March, 1888. 8vo., 75. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS. 1855-1896. 

8vo., 12^. 

DOCKMELL* — ATLAS OF DERMATOLOGY: showing the 

appearances, clinical and microscopical, normal and abnormal, of conditions of the 
skin. 60 Coloured Plates and descriptive letterpress. By Morgan Dockrell., M.A., 
M.D. (Dub. Univ.), Senior Physician and Chesterfield Lecturer on Dermatology to St. 
John’s Hospital for Diseases of the Skin. Fcp. folio, 50.L net. 

77/t.' Plate showi/ig the clinical appearance of each disease appears on the sa7m page 
with that displaybig the microscopical. The descriptive letterpress m each case ts as brief as 
possible. 


ERICHSEN.--'YYS& SCIENCE AND ART OF SURGERY ; a Treatise 

on Surgical Injuries, Diseases, and Operations. By Sir John Eric Erichsen, Bart., 
F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. Illustrated by nearly looo- 
Engravings on Wood, 2 vols. Royal 8vo., 48^. 


FOWLER AND GOELEE.— THE DISEASES OF THE LUNGS.. 

By James Kingston Fowler, M.A., M.D., F.R.C.P., Physician to the Middlesex: 
Hospital and to the Hospital for Consumption and Diseases of the Chest, Brompton, 
etc. ; Mid Rickman John Godlee, Honorary Surgeon in Ordinary to His Majesty, 
M.S., F.R.C.S., Fellow and Professor of Clinical Surgery, University College, London,, 
etc. With 160 Illustrations. 8vo., 25J. 
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GARROD,— Works by Sir ALFRED BARING GARROD, M.D., 
F.R.S., etc. 

A TREATISE ON GOUT AND RHEUMATIC GOUT (RHEU- 
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